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ABSTRACT 


Five  helminth  species,  Sohizorohis  oaballeroi* 

Eugenuris  talkeetnaeuris  ,  Labiostomum  rausohi ,  Cephaluris 
alaskensis ,  and  C.  ooloradensis  inhabit  Oohotona  oollaris 

individuals  collected  from  the  Ogilvie  Mountains,  Yukon 
Territory;  and  seven,  S.  oaballeroi ,  Graphidiella  oahotonae , 
Murielus  harpespioulus ,  Eugenuris  sp.  A,  L.  ooloradensis  , 

C.  alaskensis  ,  and  C.  ooloradensis  inhabit  (9.  prinoeps 

individuals  from  the  Rocky  Mountains  of  southwestern  Alberta. 
Distinguishing  characteristics  and  host  relationships  of 
species  in  the  six  genera  of  helminths  are  critically  reviewed. 

Frequencies  of  helminth  intensities  approximate  the 
negative  binomial  distributions,  which  implies  clumping, 
such  that  a  high  proportion  of  individuals  are  distributed 
among  relatively  few  host  individuals.  The  clumping  was 
only  partly  explained  by  seasonality,  host-sex  or  host-age 
related  resistance  or  specificity,  and  locational  differ¬ 
ences  in  abundance.  Clumping  of  infective  stages,  and  inter¬ 
specific  interactions  appear  to  be  the  major  causes  of  clump¬ 
ing  in  the  definitive  hosts. 

Abundances  of  the  tri ch os t rongy 1 oi ds  G.  ochotonae  and 
M.  harpespioulus  exhibit  sex-related  seasonal  fluctuations, 
which  may  be  related  to  stress;  the  highest  intensities  are 
found  in  hosts  which  may  be  the  most  stressed.  Juvenile 
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pikas  do  not  acquire  helminth  infections  until  an  age  of 
about  40  days,  but  rapidly  pick  up  helminths  after  that 
time.  Abundances  of  some  helminth  species  vary  between 
geographic  localities,  indicating  that  pika  populations 
have  an  island-like  distribution. 

The  community  system  of  helminths  in  pikas  is  an  old 
one.  The  oldest  pika  helminths  ( G .  ochotonae ,  and  pinworms 
of  the  subfamily  Lab i os tomi nae ) ,  appear  to  have  the  most 
sophisticated  means  of  avoiding  competition:  selective  site 
segregation.  Sohizorohis  oaballevoi  is  probably  the  most 
recent  acquisition  to  the  community  system,  and  is  the  one 
most  affected  by  interactive  site  segregation. 

Known  distributions  of  helminth  species  of  pikas, 
support  the  current  hypothesis  that  the  North  American 
pikas  are  derived  from  a  single  ancestral  species,  which 
migrated  across  Beringia  during  the  Ill i no i an  glaciation. 
This  species  rapidly  spread  south,  and  later  was  split  into 
two  groups  by  the  barrier  caused  by  the  merging  of  the 
Cordilleran  and  Laurent ide  ice  sheets  during  the  Wisconsin 
glaciation. 
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CHAPTER  I 


INTRODUCTION 

Helminth  communities  are  usually  difficult  to  delimit 
because  more  than  one  host  species  must  be  considered  as 
part  of  the  host-helminth  system.  Helminth  communities  of 
pikas  ( Oahotona  species)  in  North  America  are  an  exception 
because  no  helminths  that  mature  in  pikas  have  been  reported 
in  other  hosts,  and  the  two  species  of  Oohotona  in  North 
America  are  allopatric  (see  Figure  1).  Thus,  unlike  other 
helminth  communities  (e.g.,  Kisielewska,  1970a;  Bush,  1973), 
none  of  the  helminths  inhabiting  pikas  can  be  regarded  as 
an  immigrant  or  accidental  species. 

The  major  objective  of  this  study  was  to  gather 
information  on  the  dynamics  of  two  pika-helminth  community 
systems:  (1)  the  helminths  of  0.  oollaris  from  northern 
Yukon  Territory,  and  (2)  the  helminths  of  0 .  princeps  from 
southwestern  Alberta.  Aspects  of  population  and  community 
structure  were  examined  at  the  host-species,  host-population, 
and  host-individual  levels.  At  the  broadest,  or  host- 
species  level,  the  geographical  distribution  of  hosts  and 
helminths  is  reviewed.  A  more  restricted  level,  the  host- 
population  level,  is  analyzed  to  answer  such  questions  as 
when  and  how  do  pikas  acquire  their  helminths.  The  most 
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Figure  1.  Map  of  North  American  distribution  of  pikas, 
showing  study  areas.  Sample  sizes  from  each 
site  are  shown  in  parentheses.  The  distri¬ 
bution  map  is  based  on  Hall  and  Kelson 
(1959) . 
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restricted,  or  host-individual  level,  is  examined  in  terms 
of  interactions  between  species  of  helminths. 

Simpson  (1945)  stated  that  "animals  cannot  be  dis¬ 
cussed  or  treated  in  a  scientific  way  until  some  taxonomy 
has  been  achieved."  This  is  particularly  appropriate  for 
studies  of  community  dynamics,  so  taxonomic  problems  were 
examined  prior  to  the  ecological  study.  The  solution  of 
these  problems  subsequently  became  a  major  objective  in 
i tsel f . 


CHAPTER  II 


MATERIALS  AND  METHODS 


Necropsies  were  performed  on  111  o.  princeps  indivi¬ 
duals  from  Alberta,  and  92  0 .  oollaris  individuals  from 
the  Yukon  Territory.  All  the  0.  oollaris  ,  and  102  0.  princeps 
were  collected  by  shooting.  Pikas  were  shot  in  Alberta  from 
May  to  August,  1971,  and  in  the  Yukon  Territory  from  June 
to  August,  1972.  Seven  0.  princeps  were  trapped  in  November, 
1971,  one  in  December,  1971,  and  one  in  April,  1972,  using 
weasel  snap-traps  baited  with  lettuce.  With  the  exception 
of  the  April-caught  pika,  carcasses  of  those  caught  in 
traps  were  frozen,  and  necropsied  later  in  the  laboratory. 

The  April-caught  pika  was  necropsied  fresh  within  18  hrs. 
of  death. 

Within  five  minutes  of  death,  the  pika's  abdomen  was 
opened,  and  the  gas tro-i ntes ti nal  tract  tied  off  into  sec¬ 
tions  with  cotton  thread,  to  prevent  post-mortem  migration 
of  helminths.  All  the  pikas  which  were  collected  by  shoot¬ 
ing  were  examined  within  six  hrs.  of  death. 

Conventional  methods  were  used  in  collection  of  gastro¬ 
intestinal  helminths.  Nematodes  were  fixed  in  5%  glycerine 
in  70%  ethanol;  cestodes  were  relaxed  in  cold  water  and 
either  fixed  in  AFA,  or  stained  in  Blachin's  lactic  acid 
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carmine  stain. 

Conventional  methods  of  preparation  and  staining  of 
parasites  were  employed.  Nematodes  were  cleared  in 
lactophenol  creosote.  Measurements  were  made  with  the 
aid  of  an  ocular  micrometer,  or  camera  lucida  and  measuring 
wheel.  Sample  sizes  for  measured  pinworms  are  shown  in 
Appendix  I.  The  anterior  ends  of  some  nematodes  were 
mounted  en  face  in  glycerine  jelly,  using  a  modified  tech¬ 
nique  of  Anderson  (1958).  The  modification  was  suggested 
by  A.O.  Bush  (pers.  comm.),  and  entailed  mounting  the  end 
section  face  down  in  a  drop  of  warm  glycerine  jelly  on  a 
circular  coverslip.  The  anterior  end  could  be  brought  very 
close  to  the  coverslip,  or  even  in  contact  with  it,  and  was 
easily  positioned  with  a  fine  probe.  When  correctly  posi¬ 
tioned,  the  coverglass  was  quickly  cooled  to  harden  the 
glycerine  jelly.  When  it  was  set,  a  warm  square  coverglass 
was  placed  on  top  of  the  glycerine  jelly  without  disturbing 
the  position  of  the  tissue  section,  and  allowed  to  cool. 

The  resulting  sandwich  was  then  mounted  on  a  glass  slide, 
round  coverslip  up,  with  Canada  balsam. 

Fixed  cestodes  were  stained  in  either  Harris'  haemo- 
toxylin  or  Semichon's  acetocarmi ne . 

Juvenile  pikas  were  aged  based  on  their  weight 
(Millar  and  Tapper,  1973).  Confirmation  that  some  of  the 
heavier  juveniles  were  not  adults  was  by  sectioning  the 
lower  jaw  (Millar  and  Zwickel,  1972a). 

In  determining  relationships  of  individuals  at  the 
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species  level,  decisions  were  mostly  arbitrary,  and  were 
based  on  morphology  and  geographic  distribution.  Specimens 
available  for  study  and  those  used  for  descriptions  in  the 
literature,  were  usually  from  widely  scattered  populations, 
such  that  distributional  data  were  sketchy.  In  most  cases, 
if  morphological  variation  within  a  population  was  exceeded 
by  differences  between  populations,  individuals  were  classi¬ 
fied  as  two  species.  In  some  cases  where  there  was  insuffi¬ 
cient  morphological  evidence,  I  have  recognized  two  species 
based  on  geographical  distribution,  where  there  may  be  only 
one  (e.g.,  Eugenuris  sehumakovitschi  and  E.  talkeetnaeuris) . 
Members  of  congeneric  species  were  found  to  be  sympatric  in 
only  one  genus  (Cephaluris) ,  and  I  have  used  a  more  bio¬ 
logical  definition  of  species  in  making  decisions  between 
individuals  inhabiting  hosts  of  a  single  population  for 
that  case. 


CHAPTER  III 


STUDY  AREAS 


Specimens  of  Oohotona  prineeps  were  collected  for 
this  study  from  the  eastern  slopes  of  the  Rocky  Mountains 
of  southwestern  Alberta,  and  of  0.  oollaris  from  the 
Ogilvie  Mountains  of  central  Yukon  Territory  (Figure  1). 

Alberta 

Pikas  were  collected  from  several  locations  in 
Alberta,  all  in  the  mountains  and  foothills  to  the  east  of 
the  Kananaskis  River. 

1 .  Highwood  Pass  (Site  A1) 

Specific  collection  sites,  ranging  in  elevation  from 
2000  to  2500  m.,  were  on  the  west  sides  of  Mt.  Rae,  Mt. 
Arethusa  and  Storm  Mountain  of  the  Misty  Range,  and  at  the 
southern  tip  of  the  Opal  Range  on  the  south  slope  of  Mt. 
Elpoca.  Peaks  in  these  Ranges  reach  over  3400  m.  elevation 
The  mean  annual  precipitation  for  the  period  1965  to  1969 
was  92.58  cm,  29.97  cm  as  rain  and  62.61  as  snow  (Watershed 
Research  Branch,  from  Trottier,  1972).  This  high  precipita 
tion  in  winter  is  a  maritime  distribution,  more  characteris 
tic  of  the  central  ranges  of  the  Rocky  Mountains,  whereas 
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the  eastern  ranges  typically  receive  a  continental  distri¬ 
bution.  The  other  study  areas  of  Alberta  fall  into  the 
latter  category.  For  a  detailed  description  of  the  alpine 
vegetation  in  this  region,  consult  Trottier  (1972). 

2 .  Cox  Hill  Summit  (Site  A2) 

The  major  collection  site  in  the  foothills  region  was 
a  dome-shaped  mountain,  Cox  Hill  (51°00'N,  114°54'W).  Two 
locations  on  this  hill  were  sampled,  which  I  call  the  Summit, 
and  the  Northwest  Ridge.  The  latter  is  considered  sepa¬ 
rately  because  it  supports  a  different  pika  helminth  fauna. 

Talus  slides  on  the  Summit  range  in  elevation  from 
1900  to  2100  m . ,  and  face  northwest.  It  was  an  open, 
exposed,  dry  site.  Vegetation  surrounding  the  talus  was 
dominated  by  grasses  and  Zygadenus  elegans ,  Dvyas  octopetala 3 
Antennavia  sp.  and  Potentate.  fruticosa  were  also  abundant. 

The  lower  reaches  of  this  site  were  among  young  Pinus  con- 
torta  forest,  the  floor  of  which  was  dry,  and  covered  with 
dead  needles.  Other  common  plants  here  were  Hedyearum 
mackenzii ,  Pipes  sp.,  Juniperus  communis  ,  grasses,  and 
Avctostaphylos  uva-ursi . 

3 .  Cox  Hill  Northwest  Ridge  (Site  A3) 

This  area  is  only  1.5  km.  west  of  the  slides  at  the 
Summit.  Elevation  of  the  collection  sites  ranges  from  1700 
to  1900  m.  Slides  were  nestled  amongst  Picea  englemannii/ 
Pinus  contorta  forest,  and  face  north.  The  forest  floor 
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was  fairly  dry,  shaded,  and  covered  with  dead  pine  needles, 
particularly  at  the  base  of  the  slides.  Vegetation  around 
the  talus  was  dominated  by  Cladonia  sp.,  Arotos taphylos 
uva-ursi,  grasses,  Ribes  sp.,  and  Dryas  ootopetala. 

4 .  Miscellaneous  (Sites  A4,  A5,  and  A6) 

Pikas  from  these  areas  were  not  included  in  the  com¬ 
parisons  between  locations,  and  since  collections  were 
scattered  over  a  wide  variety  of  habitat  types,  I  shall  not 
describe  them  in  detail.  Locations  and  sample  sizes  are 
shown  in  Figure  1 . 

Yukon  Territory 

The  Ogilvie  Mountains  are  north  of  the  Tintina  Trench 
in  central  Yukon.  The  northern  part  of  this  Range  consists 
of  limestone,  and  the  southern  part  of  sandstones  and 
volcanic  rocks.  Pikas  were  collected  from  three  sites. 

1 .  North  (Site  Y1 ) 

Pikas  were  collected  within  2  km.  of  the  Dempster 
Highway  from  mile  83  to  mile  100  (65°00'N,  138°15'W),  at 
elevations  ranging  from  920  to  1380  m.  (Figure  1).  The 
dome-shaped  mountains  of  this  area  reach  elevations  of  about 
1700  m.  from  valleys  of  900  m.  Pikas  were  found  predomin¬ 
antly  around  the  base  of  these  mountains,  where  vegetation 
was  most  abundant,  but  many  were  also  found  higher,  as  much 
of  the  surface  was  covered  by  talus  and  scattered  vegetation. 
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Slopes  were  generally  open,  dry,  and  supported  a  vegetation 
dominated  by  Dryas  integri folia  ,  D.  octopetala ,  grasses, 
and  Cladonia  sp..  Open  Picea  glauoa  forests  were  found  in 
some  of  the  lower  sites,  with  willow  shrubs,  Betula  nana , 
and  a  moist  mossy  floor.  Pika  haypiles  in  late  summer  con¬ 
sisted  mostly  of  Dryas  leaves  and  flower  heads,  grasses, 
Arotostaphytos  uva-ursi  and  A.  rubra. 

2 .  Central  (Site  Y2) 

The  Dempster  Highway  crosses  the  North  Fork  Pass, 
which  marks  the  divide  of  the  Yukon  River  drainage  to  the 
south,  and  the  Mackenzie  River  drainage  to  the  north.  Pikas 
were  collected  on  Sheep  Mountain  (64°35'N,  138°12'W),  to 
the  east  of  the  pass.  The  entire  area  is  well  above  timber- 
line  (1000  m.);  collection  sites  range  from  1500  to  1900  m. 
elevation.  Much  of  the  vegetation  was  dominated  by  Dryas 
spp.,  and  grasses,  with  patches  of  Cassiope  tetragona.  Also 
present  in  moist  areas  with  running  water  were  Salix  spp., 
Sedum  rosea  and  Oxyria  digyna.  Haypiles  consisted  mostly 
of  Dryas  leaves  and  flower  heads,  and  grasses. 

3 .  South  (Site  Y3) 

At  mile  43,  the  Dempster  Highway  crosses  the  North 
Klondike  River  (64°28'N,  138°10'W).  Mountains  on  both 
sides  of  the  river  reach  elevations  of  about  1900  m .  Pikas 
were  collected  from  these  mountains  at  elevations  ranging 
from  1100  to  1800  m.  Vegetation  was  generally  similar  to 
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Site  Y2,  dominated  by  Dryas  ootopetala  and  grasses,  with 
patches  of  Cassiope  tetragona .  Many  slides  encroached  upon 
moist  meadows  with  flowing  streams.  Here  the  vegetation 
was  dominated  by  sedges  and  grasses,  with  D.  ootopetala , 
i Salix  spp.,  and  Epilobium  latifolium.  Haypiles  contained 
Dryas  ,  grasses,  Oxyria »  Equisetum ,  Potentilla>  and 
Arotostaphylos  . 


CHAPTER  IV 


HOST  NATURAL  HISTORY 

As  far  as  is  known,  both  Oohotona  prinoeps  and  0. 
oo  Haris  have  similar  life  histories  in  terms  of  habitat 
requirements,  seasonal  and  daily  activities,  reproduction, 
and  social  structure  (Broadbooks,  1965).  Dwellings  are 
located  in  the  interstices  of  rocks,  but  pikas  usually  must 
leave  the  talus  to  feed.  They  eat  a  great  variety  of 
grasses  and  forbs  depending  upon  availability  (Broadbooks, 
1965;  Rausch,  1962;  Millar  and  Zwickel,  1972b).  Most  forag¬ 
ing  is  carried  out  within  20  m.  of  the  talus,  but  longer 
trips  have  been  observed  (personal  observations;  Smith, 
1974b).  Because  of  the  nature  of  their  habitat,  pikas  are 
usually  located  in  scattered  and  discrete  populations,  which 
is  of  great  significance  to  their  dispersal  (Tapper,  1973; 

Smi  th ,  1  974a). 

Weather  conditions  modify  the  daily  activities  of 
pikas,  but  they  are  essentially  diurnal.  On  fine  sunny  days, 
observable  activity  (including  feeding)  is  primarily  in  the 
morning  and  late  afternoon,  with  less  around  midday,  while 
on  cloudy  days,  activity  is  at  a  peak  around  midday  (Sharp, 
1973).  Presumably  they  are  avoiding  heat  stress  on  hot  days. 

Millar  (1972)  studied  reproduction  in  0.  prinoeps  of 
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southwestern  Alberta.  Two  litters,  each  of  2-3  young  per 
female  were  born  each  year.  The  mean  date  of  conception 
for  the  first  litter  was  May  9th  and  for  the  second  litter 
June  12th.  The  gestation  period  is  30  days  (Severaid, 

1950),  and  weaning  occurs  3-4  weeks  after  birth  (Severaid, 
1950;  Millar,  1972) . 

Soon  after  weaning,  juveniles  either  disperse  or  wedge 
between  territories  on  their  home  slide  (Tapper,  1973). 
Dispersing  juveniles  are  usually  unsuccessful  in  establish¬ 
ing  themselves  on  occupied  habitat.  This  further  isolates 
the  populations  into  discrete  "islands". 

The  abundance  of  pikas  on  a  rockslide  is  quite  stable 
and  regulated  by  terr i tori al i ty  (Tapper,  1973).  Male  home 
ranges  overlap  considerably  with  those  of  females  until 
after  the  period  of  breeding.  They  then  shrink  to  become 
individual  home  ranges,  which  are  defended  more  rigorously 
with  the  onset  of  the  haying  season  in  July  (Sharp,  1973). 
Haying,  the  storage  of  vegetation  in  the  rocks,  continues 
at  least  into  September  (personal  observation). 

Pikas,  like  other  lagomorphs,  produce  two  kinds  of 
faeces,  soft  and  hard.  Severaid  (1955)  observed  captive 
0.  prineeps  ingesting  soft  faeces,  and  Tyndale-Biscoe  (1959) 
found  evidence  of  reingested  soft  faeces  in  the  stomachs 
of  wild  0.  voylei  caught  at  night.  Haga  (1960)  claimed 
that  Japanese  pikas,  0 .  hyperborea  yesoensis  ,  produce  soft 
faeces  at  night  only  although  he  produced  no  evidence.  In 
contrast  to  the  findings  of  Tyndale-Biscoe  and  Haga,  pikas 
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in  Colorado  (o.  princeps)  were  found  to  produce  soft  faeces 
during  the  day  (Johnson,  1967),  as  in  wild  rabbits  and  hares. 

Individuals  of  both  species  of  pikas  in  the  present 
study  produced  soft  faeces  during  the  day.  More  individuals 
of  0.  prinoeps  produced  soft  faeces  in  the  morning  (0700- 
0900  hrs.:  58%)  and  mid-afternoon  (1400-1600:  69%)  than  dur¬ 
ing  in-between  times  (34%),  thus  roughly  correspondi ng  to 
feeding  periods.  No  such  trend  was  present  with  o.  oollaris , 
perhaps  because  the  feeding  period  is  not  as  distinctly 
bimodal,  due  to  extended  summer  daylight  in  high  latitudes. 


CHAPTER  V 


TAXONOMY 


The  purpose  of  this  section  is  to  clarify  the  status 
of  the  named  taxa  of  helminths  whose  members  mature  in 
pikas,  to  summarize  host  and  geographic  distribution,  and 
to  assist  in  the  identification  of  these  helminths.  Table  1 
lists  names  of  taxa  of  the  two  Nearctic  helminth  communi¬ 
ties  as  defined  in  the  broadest  context,  the  host  species 
level.  The  communities  comprise  seven  species  in  0 .  prinoeps , 
and  five  species  in  0.  eollaris  .  All  these  species,  and 
other  species  in  the  six  genera  represented,  are  known 
exclusively  from  pikas. 

The  taxa  of  each  genus  are  treated  in  some  detail 
below,  with  keys,  discussions  of  features  thought  to  be  of 
diagnostic  value,  and  data  on  distribution. 

Sohizorohis  Hansen  1948 

Sohizorohis  Hansen  1948:  754.  TYPE  SPECIES:-  S.  ocho- 
tonae  Hansen  1948  (by  monotypy) . 

Although  five  species  have  been  ascribed  to  this  genus, 
Rausch  and  Ohbayashi  (1974)  have  shown  that  S.  esarsi  Lovekar, 
Seth  and  Deshmukh  1972  from  the  mouse  Mus  musoulus  in  India, 
does  not  belong  to  this  genus  and  is  near  Atriotaenia 
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Table  1.  List  of  names  of  the  two  helminth  communities  of  pikas 
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Sandground  1926.  The  four  remaining  species  in  this  genus 
are  distinguished  by  the  following  key. 


Key  to  the  Species  of  Sohizorohis  Hansen 


1A. 


Outer  egg  shell  covered  with  tubercles  or 

spines - - - 

-  S.  altaioa  Gvozdev  1951 


IB.  Outer  egg  shell  smooth  -  (2) 

2A.  Testes  not  separated  into  two  distinct 
lateral  bands;  cirrus  sac  286-428  micro¬ 
metres  long  - 

-  5.  yamashitai  Rausch  1963 

2B .  Testes  separated  into  two  distinct  lateral 
bands;  cirrus  sac  longer  than  450  micro¬ 
metres  -  (3) 

3A.  Strobila  wedge-shaped,  up  to  5  mm  wide; 
testes  and  uterus  not  reaching  ventral 
longitudinal  excretory  canals;  ovary 
slightly  more  anteriad  than  level  of  testes 
-  5 .  oohotonae  Hansen  1948 


3B.  Strobila  slender,  up  to  3  mm  wide; 
testes  and  uterus  reaching  ventral 
longitudinal  excretory  canals  on  both 
sides;  ovary  at  same  level  as  testes 

-  S'  caballeroi  Rausch  1960 


1  .  Notes  on  Diagnosis 

In  distinguishing  Nearctic  species,  Rausch  (1960)  stated 
that  the  genital  atrium  was  more  posterior  in  specimens  of 
S.  caballeroi  than  of  S.  oohotonae ,  but  my  observations  do 
not  confirm  this.  He  also  reported  that  the  uterus  of 
S,  caballeroi  specimens  did  not  extend  laterad  to  the  excre¬ 
tory  canals,  but  in  many  of  the  specimens  which  I  examined, 
the  uterus  does  extend  laterad.  I  found  the  cirrus  to  be 
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spined  on  some  specimens  of  S .  oaballevoi  in  0.  oollavis  . 

The  spines  were  very  fragile,  and  apparently  easily  lost. 

A  spined  cirrus  has  been  reported  previously  on  specimens 
of  this  genus,  only  for  S.  altaioa  (Gvozdev,  1951).  My 
observations  suggest  that  such  spines  may  have  been  over¬ 
looked  in  specimens  of  other  species,  and  should  not  be  used 
as  a  diagnostic  character. 

Palaearctic  species  are  s.  altaioa  Gvozdev  1951,  and 
S.  yamashitai  Rausch  1963.  Sohizovohis  altaioa  was  re¬ 
described  soon  after  being  described  (Spasskii  and  Ryzhikov, 
1951).  The  original  description  was  of  a  worm  150  mm  long, 
whereas  worms  measured  for  the  redescri pti on  were  60-70  mm 
long.  Although  Gvozdev  appears  to  favour  the  redescription 
(Gvozdev  et_  aj_.  ,  1  970),  Rausch  (  1  960  ,  1  963a),  and  Rausch 
and  Ohbayashi  (1974)  suggest  that  these  may  be  two  species. 
Rausch  and  Ohbayashi  (1974)  identified  two  specimens  from 
O.  roylei  of  Nepal  as  s.  cf  altaioa  because  they  most 
resembled  specimens  described  as  S.  altaioa  by  Spasskii  and 
Ryzhikov.  Rausch  and  Ohbayashi  (1974)  did  not  characterize 
the  outer  egg  shell,  which  seems  to  offer  the  only  char¬ 
acteristic  distinguishing  between  members  of  S.  altaioa  and 
other  members  of  the  genus.  The  material  described  by 
Rausch  and  Ohbayashi  seems  to  be  indistinguishable  from 
specimens  of  S.  oaballevoi .  Accordingly,  members  of  S.  cf 
altaioa  may  be  conspecific  with  members  of  S.  oaballevoi , 
and  if  differences  in  egg  shells  are  not  diagnostic,  then 
these  may  be  conspecific  with  members  of  S.  altaioa . 
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The  species  S.  yamashitai  is  clearly  recognizable  by 
charac teri s ti cs  presented  in  the  key. 

2 .  Host  Records  and  Geographic  Distribution 

In  the  Nearctic,  S.  oohotonae  is  known  only  from 
0.  prinoeps ,  in  Colorado  (Hansen,  1948  -  type  area;  Leiby, 
1961a),  California  (Voge,  1955;  Severaid,  1955),  Wyoming 
(Rausch,  1960),  Utah  (Warnock,  1962;  Grundmann  and  Lombardi, 
1976),  Nevada  (Grundmann  and  Lombardi,  1976),  Idaho  (Seesee, 
1973),  Montana  (Barrett  and  Worley,  1970),  and  Alberta 
(Lubinsky,  1957).  The  species  S.  oaballeroi  has  been 
reported  from  both  Nearctic  species  of  pikas:  0.  prinoeps 
in  Oregon  (Rausch  and  Ohbayashi,  1974),  and  Alberta  (this 
study);  and  0.  oollaris  in  Alaska  (Rausch,  1960  -  type  area) 
and  Yukon  Territory  (this  study).  The  two  Nearctic  species 
of  Sohizorohis  are  not  easily  distinguishable,  and  I  suspect 
that  many  investigators  have  assumed  specimens  obtained  from 
specimens  of  0.  prinoeps  to  be  S.  oohotonae ,  merely  because 
S.  oaballeroi  had  not  been  reported  in  0.  prinoeps . 

A  summary  of  the  known  distribution  of  the  Palaea retie 
species  is  presented  in  Table  2. 

Murielus  Pi kmans  1939 

Murielus  Dikmans  1939:  2.  TYPE  SPECIES:-  M.  harpe- 
spioulus  Dikmans  1939  (by  monotypy) . 

Three  species  (one  Holarctic  and  two  Palaearctic)  are 
included  in  this  genus,  members  of  which  are  distinguished 


. 


Table  2.  Host  records  and  data  on  geographical  distribution  of  the 
Palaearctic  species  of  Sohizovohis  Hansen 
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by  the  key  below. 


Key  to  the  Species  of  Murielus  Dikmans 

IA.  Spicules  480  micrometres  long,  united 

at  tips,  but  without  barbed  head  - 

-  M.  dbei  Duret te-Desset  1974 

IB.  Spicules  700-900  micrometres  long, 
united  at  tips  in  a  barbed  head 

(Figure  2a)  -  (2) 

2A.  Ex ternol ateral  bursal  rays  in  males 

much  smaller  than  other  laterals;  most 
medial  of  the  three  dorsal  rays  with 
a  minute  appendage  (Figure  2b);  syn- 
lophe  of  both  sexes  with  only  one'pair 
of  robust  lateral  cretes  (Figure  2c) 
-  harpespioulus  Dikmans  1939 

2B.  Ex ternol ateral  bursal  rays  almost  as 
stout  as  other  laterals;  no  appendage 
on  most  medial  dorsal  ray;  synlophe 
with  two  pairs  of  more  robust  lateral 

cretes  (Figure  2d)  - 

-  tj anshaniensis  Gvozdev  1962 


1 .  Notes  on  Pi agn os i s 

Males  of  M.  tj anshaniensis  were  distinguished  from 
those  of  M .  harpespioulus  by  Gvozdev  et  aj_.  (  1  970),  by  the 
arrangement  of  the  dorsal  group  of  bursal  rays.  Although 
the  differences  given  sound  clear,  members  of  both  species 
possess  three  pairs  of  rays  in  the  dorsal  group.  Specimens 
of  M .  tj anshaniensis  are  described  as  having  the  inner  two 
pairs  joined,  while  those  of  M.  harpespioulus  are  described 
as  having  rays  separated  for  their  entire  lengths.  However, 
close  study  indicates  that  these  characteristics  vary 
appreciably,  and  the  differences  are  not  diagnostic.  Also, 
differences  in  tail  shape  between  females  of  the  two  species 
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Figure  2 . 


a)  spicule  tip  of  Murielus  harpespieulus 

b)  dorsal  bursal  rays  of  M.  harpespieulus 
(APP  -  appendage) 

c)  synlophe  of  M.  harpespieulus 
c)  synlophe  of  M.  tjanshaniensis 
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are  not  diagnostic  because  of  intraspecific  variation. 

Durette-Desset  (1974)  distinguishes  members  of  M.  abei 
from  those  of  the  other  two  species  by  the  following  char¬ 
acteristics,  which  I  find  unreliable: 

1.  Three  pairs  of  dorsal  rays  are  separate  from  each 
other  in  specimens  of  M.  abei.  I  have  found  this  to  be 
characteristic  of  some  specimens  of  M.  harpespioulus . 

2.  Specimens  of  M.  abei  are  distinguished  from  those 
of  M.  harpespioulus  by  the  equal  lengths  of  rays  10  and  11 
in  M.  abei.  Although  I  was  unable  to  satisfactorily  deter¬ 
mine  to  which  dorsal  rays  these  numbers  refer,  all  the  dorsal 
rays  in  her  figure  2H  are  of  different  lengths.  In  another 
figure  of  the  bursa  (21),  two  of  the  dorsal  rays  are  of 
equal  length,  but  these  correspond  with  the  two  that  are 
equal  in  specimens  of  M.  harpespioulus  (see  Du rette-Desse t 1  s 
figure  ID,  or  Dikmans'  (1939)  figure  2E). 

3.  She  distinguishes  M.  abei  from  M.  tjanshaniensis 
by  the  relative  sizes  of  the  lateral  rays .  The  postero¬ 
lateral  are  equal  to  the  mediolateral  in  specimens  of  M.  abei> 
but  this  is  also  true  for  specimens  of  M.  tjanshaniensis 
(Gvozdev  ejt  aj_.  ,  1970). 

4.  She  distinguishes  among  the  three  species  by  the 
number  of  cretes:  14  for  M.  harpespioulus  ,  15  for  M.  tjan¬ 
shaniensis  ,  and  16  for  M.  abei.  This  characteris tic  varies: 

I  have  found  from  14  to  16  cretes  in  specimens  of  M.  harpe¬ 
spioulus  ,  and  from  15  to  18  in  specimens  of  M.  tjanshaniensis . 
The  synlophe  of  M.  abei  (figure  2C,  Durette-Desset,  1974) 


L  v  f  *)  0  1  '  J  .  '•  ) 

.Up  9 


26 


appears  to  be  identical  to  that  of  M .  tj anshaniensis  , 
members  of  both  species  having  two  pairs  of  enlarged  lateral 
cretes,  and  thus  differing  from  members  of  M.  harpespioulus . 

Host  records  and  geographic  distribution  are  presented 
in  Table  3 . 

Graphidiella  Olsen  1948 

Graphidiella  Olsen  1948:  749.  TYPE  SPECIES:-  G.  ooho- 
tonae  Olsen  1948  (by  monotypy) . 

Two  species,  the  Nearctic  G.  oohotonae ,  and  the 
Palaearctic  G.  olsoni  Gvozdev  1966,  are  included  in  this 
genus,  members  being  distinguished  by  the  following  key. 

Key  to  the  Species  of  Graphidiella  Olsen 

IA.  Spicules  660-770  micrometres  long;  eggs 
180  micrometres  long;  body  length  of 
females  17.7-23.2  mm,  and  of  males 

11.1-17.4  mm  -  G .  oohotonae  Olsen  1948 

IB.  Spicules  400-550  micrometres  long;  eggs 
165  micrometres  long;  body  length  in 
females  12-13.5  mm,  and  of  males  8.6- 

9.8  mm  -  G.  olsoni  Gvozdev  1966 

1 .  Notes  on  Diagnosis 

Apparently,  Olsen  (1948)  misinterpreted  the  structure 
of  the  ovejector  of  female  G.  oohotonae.  He  stated  that 
these  structures  were  triple-bulbed.  However,  Alberta  and 
Idaho  females  have  single-bulbed  ovejectors,  and  Seesee 
(1973)  reported  that  para  types  of  this  species  were  similarly 
characterized.  Female  G .  olsoni  Gvozdev  also  have  single- 


v 


Table  3.  Host  records  and  data  on  geographical  distribution  of  the 
species  of  Murielus  Dikmans 
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bulbed  ovejectors,  so  this  feature  cannot  be  used  to  dis¬ 
tinguish  between  the  two  species.  Gvozdev  (1966)  differen¬ 
tiated  between  males  of  the  two  species  by  the  shape  of  the 
dorsal  ray.  However,  intra specific  variation  is  too  great 
for  this  character  to  be  of  use. 

2 .  Host  Records  and  Geographic  Distribution 

The  Nearctic  G.  oohotonae  is  known  only  from  0 .  prinoeps 
in  Colorado  (Olsen,  1948  -  type  area),  Idaho  (Seesee,  1973), 
Montana  (Barrett  and  Worley,  1970),  and  Alberta  (this  study). 
Martin  (1943)  reported  "stomach  worms"  from  pikas  in  Wyoming, 
which  are  almost  certainly  G.  oohotonae.  The  Palaearctic 
G.  olsoni  is  known  from  specimens  of  0 .  alpina  from  the 
Sayan  Mountains  of  eastern  Siberia  (Gvozdev,  1966  -  type 
area)  and  specimens  of  0.  dauvioa  from  Tuva  (Sulimov  and 
Obukhov,  1  974)  . 

Cephaluvis  Akhtar  1947 

Cephalurds  Akhtar  1947:  104.  TYPE  SPECIES:-  C.  ooho¬ 
tonae  Akhtar  1947  (by  monotypy) . 

This  genus  includes  six  species,  arrayed  into  two 
groups.  The  taxa  are  distinguished  from  one  another  in  the 
following  key. 

Key  of  the  Groups  and  Species  of  Cephaluris  Akhtar 

1A.  Blunt,  rugged  teeth  on  ventral  pre- 
cloacal  ridge;  subcuticular  longitu¬ 
dinal  bands  or  bosses  in  caudal  alae; 
greatly  expanded  cushion-like  posterior 
papilla  -  Group  1 . . ( 2) 
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IB.  Fine,  thin  teeth  on  ventral  ridge; 

longitudinal  bands  or  bosses  absent; 
relatively  deflated  cushion-like 

posterior  papilla  - Group  2. .(4) 

2A.  Discontinuous  bosses  in  caudal  alae 

-  C .  hashmi  Akhtar  1956 

2B.  Continuous  longitudinal  bands  in 

caudal  alae  -  (3) 

3A.  Cloaca  closer  than  700  micrometres 

from  tail  tip;  nerve  ring  closer  than 
195  micrometres  from  anterior  end; 
buccal  cavity  shallower  than  35  micro¬ 
metres;  Nearctic  distribution - 

-  C.  alaskensis  Akhtar  1958 

3B.  Cloaca  further  than  700  from  tail 

tip;  nerve  ring  further  than  195  from 
anterior  end;  buccal  cavity  deeper 
than  35;  Palaea retie  distribution  — 
-  C .  andrejevi  Shul 1 ts  1948 

4A.  Cloacal  papillae  asymmetrical  - 

-  C.  ohabaudi  I n  g 1  is  19  59 

4B.  Cloacal  papillae  symmetrical  -  (5) 

5A.  Body  shorter  than  8  mm,  and  narrower 
than  400  micrometres;  Nearctic 

distribution  -  C.  ooloradensis  Olsen  1949 

5B .  Body  longer  than  8  mm,  and  wider 
than  400  micrometres;  Palaearctic 

distribution  -  C.  oohotonae  Akhtar  1947 


1  .  Notes  on  Synonymy 

Hobbs  (in  press)  showed  that  the  name  C.  vakhanioa 
Erhardova-Kotrl a  and  Daniel  1970  is  a  junior  synonym  of 
C.  oohotonae ,  and  that  C.  oollavis  Akhtar  1958  is  a  junior 

synonym  of  C.  oolovadensis . 
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2 .  Notes  on  Diagnosis 

Within  Group  1,  members  of  C.  alaskensis  and  C.  andre- 
jevi  are  so  similar  to  one  another  that  they  may  be  con- 
specific.  The  males  differed  slightly  in  measurements  of 
tail  length,  position  of  the  nerve  ring,  and  depth  of  the 
buccal  cavity.  It  was  impossible  to  compare  females  of 
these  species,  since  the  North  American  collections  were 
from  mixed  infections  of  C.  alaskensis  and  C.  aoloradensis , 
the  females  of  which  were  indistinguishable.  Although 
C.  andrejevi  and  C.  alaskensis  are  very  close  morphologic¬ 
ally,  I  consider  it  safer  at  the  present  time  to  regard  them 
as  separate  species.  Less  closely  related  is  c.  hashmi. 

A  similar  situation  exists  with  C.  oehotonae  and 
C .  aoloradensis  in  Group  2.  Males  of  the  latter  species 
differ  only  in  body  length  and  width  from  males  of  C.  oeho¬ 
tonae.  Females  of  C.  oohotonae  possess  a  vulval  flap, 
whereas  no  North  American  specimens  had  one.  Members  of 
C.  ohabaudi  are  easily  distinguishable  from  those  of  the 
other  two  species  in  this  group. 

3 .  Host  Records  and  Geographic  Distribution 

In  the  Nea retie.  Group  1  is  represented  by  C.  alasken¬ 
sis  ,  specimens  of  which  have  been  collected  from  0.  prinoeps 
specimens  in  Alberta  and  Colorado  (Hobbs  1 oc .  c i t . )  ,  and 
from  0.  aollaris  specimens  in  Alaska  (Akhtar,  1958  -  type 
area)  and  the  Yukon  (Hobbs  1 oc .  c i  t . )  .  Group  2  is  repre¬ 
sented  in  the  Nearctic  by  C.  aoloradensis  ,  specimens  of  which 


"512  iib  2  > 

. 


have  been  collected  from  specimens  of  0.  prinoeps  in 
Colorado  (Olsen,  1949  -  type  area;  Leiby,  1961a;  Hobbs 
loc.  c i t . )  ,  Utah  (Warnock,  1962;  Grundmann  and  Lombardi, 
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1976),  California  (Severaid,  1955;  Voge,  1956),  Nevada 
(Grundmann  and  Lombardi,  1956),  Montana  (Barrett  and  Worley, 
1970),  Idaho  (Seesee,  1973),  and  Alberta  (Hobbs  1 oc .  c i t . ) ; 
and  from  o.  collaris  specimens  in  the  Yukon  (Hobbs  1 o c . c i t . ) 
and  Alaska  (Akhtar,  1958).  Some  of  these  reports  may  not 
be  entirely  accurate  however,  since  I  found  specimens  of 
C.  alaskensis  to  be  more  common  than  C.  ooloradensis  in  all 
locations  studied;  even  some  of  the  syntypes  for  C.  oolov- 
adensis  were  C.  alaskensis  (Hobbs  loc.  c i t . ) . 

Distribution  of  Palaearctic  species  of  Cephaluris  is 
presented  in  Table  4. 

Eugenuris  Shul 1 ts  1948 

Eugenuvis  Shul  1 t s  1948:  1  73.  TYPE  SPECIES:-  E .  schumako- 
vitsehi  Shul  '  t s  1948  (by  monotypy) .  Akhtar  1956b:  137. 

Barus  ejt  aj_.  1972:  1  4.  Skryabin  et_  a_]_.  1960:  259  ;  1  967:  198. 
Grundmann  and  Lombardi  1976:  45. 

Dermatoxys  Dubinin  and  Dubinina  1951:  113,  (not 
Schneider  1866).  Tokobaev  1  960:  240.  Er ha rdo va-Kotr 1  a  and 
Daniel  1970:  208. 

Pikaeuris  Akhtar  1953:  84.  TYPE  SPECIES:-  P.  pikaeuris 
Akhtar  1953  (by  absolute  tautonomy  and  monotypy).  Akhtar 
1  956b:  133.  Yamaguti  1961:  550.  Skryabin  ejt  aj_.  1  960:  233  ; 


1967:  198. 
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Table  4.  Host  records  and  data  on  geographical  distribution  of  the  Palaearctic 
species  of  Cephaluris  Akhtar 
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Labios tomum  Inglis  1959:  186  (not  Akhtar,  1941). 

1  .  Notes  on  Synonymy 

Although  members  of  Eugenuris  share  with  those  of 
Dermatoxys  a  pre-cloacal  comb,  the  two  groups  are  readily 
distinguished  by  differences  in  structure  of  the  anterior 
end  (mouth,  number  and  shape  of  lips)  (Barus  et_  aj_. ,  1  972). 
Also  the  pre-cloacal  comb  of  the  two  groups  is  different  in 
detail,  and  furthermore,  the  comb  of  Eugenuris  is  more  like 
that  of  the  other  pika  pinworms  ( Labiostomum,  Cephaluris  and 
Fastigiuris  Babaev,  1966),  than  like  that  of  Dermatoxys. 

The  ventral  ridge  in  pika  pinworms  is  a  narrow,  laterally 
compressed  ridge,  while  in  members  of  Dermatoxys  found  in 
other  groups  of  lagomorphs,  the  ridge  is  a  line  of  trans¬ 
verse  teeth.  Thus,  Eugenuris  and  Dermatoxys  are  not  con- 
generi  c . 

Akhtar  (1956b)  reported  that  members  of  P.  pikaeuris 
Akhtar  1953  differed  only  slightly  from  members  of  E. 
s ohumakovitsohi ,  and  that  these  two  species  were  congeneric. 
Thus  the  name  Pikaeuris  is  a  junior  subjective  synonym  of 
Eugenuris ,  Yamaguti  (1961)  and  Skryabin  et_  aj_.  (  1960  ,  1  967  ) 
not  withstanding. 

Although  members  of  Eugenuris  differ  from  those  of 
Labiostomum  in  cephalic  structure  (Barus  ejt  a_]_.  ,  1  972),  the 
two  groups  were  considered  to  be  congeneric  by  Inglis  (1959) 
who  had  not  seen  specimens  of  Eugenuris  .  Evidently,  he 
thought  the  differences  were  artefacts  of  fixation.  In  addi 
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tion  to  differences  in  cephalic  structures,  females  of 
Lab  iost omum  have  a  constriction  just  anterior  to  the  tip 
of  the  tail,  whereas  females  of  Eugenuris  have  a  gradually 
tapered  tail.  Hence,  these  two  groups  of  species  are 
clearly  distinct. 


2 .  The  Species 

This  genus  includes  five  formally  named  species  and 
a  fifth,  designated  here  as  Eugenuris  species  A.  The 
Nearctic  representatives  are  distinguished  from  one  another 
in  the  following  key. 


Key  to  the  Nearctic  Species  of  Eugenuris  Shul'ts 

IA.  Eggs  operculated  at  each  pole;  two 

uteri  empty  separately  into  ovejector 
anteriad  to  vulva  - 

-  E.  utahensis  Grundmann  and  Lombardi  1976 

IB.  Eggs  operculated  at  one  pole;  single 
uterus  formed  by  fusion  of  two  uteri 
posteriad  to  anus  empties  into  the 

ovejector  at  the  level  of  the  vulva  -  (2) 

2A.  Cloaca!  papillae  of  males  as  follows: 
large  "b",  small  "d",  "g"  broad  or 
absent  (Figure  3a);  buccal  cavity 
depth  in  females  62  micrometres,  in 
males  51  E.  talkeetnaeuris  Akhtar  1956 

2B.  Cloacal  papillae  as  follows:  small 
"b",  large  "d",  compact  "g"  (Figure 
3b);  buccal  cavity  depth  in  females 
55,  in  males  44 - E .  species  A 


Palaearctic  Species  of  Eugenuris  Shul'ts 

E.  shumakovits ahi  Shul 1 ts  1948 

E.  havliki  ( Erhardova-Kotrl a  and  Daniel,  1970) 
new  combination 
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Figure  3.  Ventral  view  of  the  cloacal  region  of 

a)  Eugenuris  species  A,  and 

b)  E.  talkeetnaeuris  .  Papillae  are 
labelled  a-h  for  comparison. 
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E.  pikaeuris  (Akhtar,  1953)  Akhtar  1956. 

3 .  Notes  on  Diagnosis 

Although  the  morphological  differences  are  slight,  I 
hesitate  to  include  E.  species  A  as  a  synonym  of  E.  talkeet- 
naeuris  because  specimens  of  E.  species  A  are  usually  of 
smaller  size  (Tables  5  and  6),  and  they  appear  to  use 
different  ecological  niches  within  the  host  (see  Chapter 
VII  D)  . 

Seesee  (1973)  claims  that  specimens  of  E.  species  A 
(which  he  places  in  Dermatoxys)  differ  from  those  of  E. 
talkeetnaeuris  in  having  vertical  sharp-pointed  tooth-like 
projections  on  the  medial  side  of  the  lips,  and  also  in  hav¬ 
ing  smaller  eggs.  The  tooth  characteristic  varies  between 
sexes  (Figure  4),  but  is  not  diagnostic  of  the  two  species. 
Seesee  did  not  specify  the  sex  of  the  specimen(s)  he  used 
to  describe  this,  and  it  is  not  possible  to  determine  the 
sex  from  his  drawings,  because  the  tooth  structures  in  both 
sexes  are  more  complex  than  he  has  shown.  Differences  in 
egg  lengths  and  widths  are  significant  as  indicated  by 
Student's  t-tests  (p  <  0.05,  and  p  <  0.001  respectively; 
df  =  38),  but  means  were  not  as  widely  divergent  as  Seesee 
reported  (see  Tables  5  and  6,  Appendix  II). 

Grundmann  and  Lombardi  (1976)  differentiated  specimens 
of  E.  utahensis  from  E.  talkeetnaeuris  by  tooth  structure, 
and  the  number  and  arrangement  of  cloacal  papillae.  The 
tooth  characteristic  as  mentioned  above,  is  not  diagnostic 
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of  the  species.  The  arrangement  of  the  cloacal  papillae 
shown  in  figure  5  of  Grundmann  and  Lombardi  (1976)  is 
similar  to  that  for  specimens  of  E.  species  A,  except  that 
the  "e"  and  "f"  papillae  are  misinterpreted  as  the  cloacal 
opening,  and  a  small  papilla  is  shown  where  the  cloaca 
should  be . 

The  distinguishing  character!’  sties  I  have  used  in  the 
key  (eggs  and  uterus),  are  open  to  question,  as  these  struc¬ 
tures  are  otherwise  known  as  stable  characters  for  all  the 
pinworms  of  pikas.  Regarding  the  egg  character,  Yamaguti 
(1961:  545)  (apparently  due  to  an  error  in  translation) 
stated  that  eggs  of  E.  s ohumakovits chi  Shul'ts  1948  are 
operculated  at  each  pole  instead  of  at  one  pole.  Eggs  of 
all  other  pika  pinworms  are  operculated  at  one  pole,  and 
are  distinguishable  only  by  size.  Similarly,  the  structure 
of  the  uterus  in  pika  pinworms  with  the  sole  exception  of 
E.  utahensis  is  as  described  in  the  key  above  for  members  of 
E.  species  A.  The  uterus  loop  in  figure  4  of  Grundmann  and 
Lombardi  (1976)  may  be  a  misinterpretation  of  the  glandular 
structure  which  encircles  the  ovejector  in  other  pika  pin¬ 
worms  . 

Akhtar  (1956b)  constructed  a  key  to  distinguish  among 
the  three  species  of  Eugenuris  known  at  that  time.  However 
the  character!’ sti  cs  he  used  were  not  diagnostic:  specimens 
of  both  E.  sohumakovits ohi  and  E.  talkeetnaeuris  have  indented 
lips  in  the  sense  of  Shul'ts  (1948),  and  the  supposed  differ¬ 
ences  in  lip  and  tooth  structure  between  specimens  of  the 
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latter  species  and  those  of  E.  pikaeuris  are  illusory. 

Erhardova-Kot rl a  and  Daniel  (1970)  attempted  to  differ¬ 
entiate  among  the  species  on  the  basis  of  the  oral  struc¬ 
tures,  but  their  statements  are  in  part  incorrect  and  in 
part  contradictory.  They  also  indicate  that  members  of 
E.  havliki  possess  only  three  lips,  and  if  so,  this  species 
probably  belongs  in  another  genus.  However,  the  oral  struc¬ 
tures  were  probably  mi s - i n ter  preted  because  otherwise  the 
characteristics  of  E.  havliki  fit  those  of  Eugenuris . 

In  conclusion,  the  Nearctic  species  E .  talkeetnaeuris 
seems  to  be  clearly  distinguished  from  E.  utahensis  and  E. 
species  A,  but  members  of  the  latter  two  species  may  be 
conspecific.  The  Palaearctic  species  are  not  well  under¬ 
stood.  Specimens  of  E.  sohumakovitsahi  (two  series  -  one 
collected  from  0.  rutila  in  Kazakhstan  by  E.V.  Gvozdev;  the 
other  from  0.  hyperborea  yesoensis ,  collected  by  F.C.  Zwickel) 
are  very  similar  to  both  American  species  in  oral  structures. 
Sizes  of  the  Kazakhstan  series  are  more  similar  to  those  of 
E.  talkeetnaeuris  specimens  than  E .  species  A  (Table  5). 

More  work  needs  to  be  done  to  determine  the  significance  of 
these  similarities. 

Since  I  have  not  seen  specimens  of  either  E.  havliki 
or  E.  pikaeuris  ,  and  details  of  the  oral  structures  and 
cloacal  papillae  are  lacking  from  the  descriptions,  I  cannot 
determine  their  relationships  to  one  another  or  to  the  other 
species.  Clearly  additional  work  is  required  to  elucidate 
the  Palaearctic  species. 


\ 
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4 .  Host  Records  and  Geographical  Distribution 

In  the  Nearctic,  members  of  E.  talkeetnaeuris  are 
known  from  specimens  of  0.  oollaris  in  Alaska  (Akhtar, 

1956b  -  type  area),  and  the  Yukon  Territory  (this  study). 
Specimens  of  Eugenuris  species  A  are  known  from  0.  prinoeps 
specimens  in  Alberta  (this  study)  and  Idaho  (Seesee,  1973). 
Members  of  E.  utahensis  are  known  from  0.  prinoeps  specimens 
in  Utah  and  Nevada  (Grundmann  and  Lombardi,  1976).  Eugenuris 
species  are  known  from  0.  prinoeps  specimens  from  Oregon 
(Roest,  1953)  and  California  (Voge,  1956). 

Distributional  data  for  the  Palaea retie  species  are 
presented  in  Table  7. 

Labiostomum  Akhtar  1941 

Labiostomum  Akhtar  1941:  217.  TYPE  SPECIES:-  L.  naimi 
Akhtar  1941  (by  monotypy) . 

Five  species  are  included  in  this  genus,  two  in  the 
Nearctic,  and  three  in  the  Palaea retie.  The  following  key 
distinguishes  among  them. 

Key  to  the  Species  of  Labiostomum  Akhtar 

1A.  Papilla  immediately  posterior  to  cloaca 

in  males  ("e" ),  quadruple  - - 

-  I,  akhtari  Inglis  1959 


IB.  "e"  papilla  not  quadruple,  usually 

double  -  (2) 

2A.  Cephalic  bulb  diameter  greater  than 

250  micrometres  in  females,  and  greater 
than  200  in  males;  Palaearctic  distri¬ 
bution  -  (3) 


\ 
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Table  7.  Host  records  and  data  on  geographic  distribution  of  the 
Palaearctic  species  of  Eugenuris  Shul'ts 
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2B.  Cephalic  bulb  diameter  less  than  250 
micrometres  in  females,  and  less  than 
200  in  males;  Nearctic  distribution  -  (4) 

3A.  11  pairs  of  cloaca!  papillae  in 

males  - L.  naimi  Akhtar  1941 

3B.  6  pairs  of  cloacal  papillae  - 

-  £.  vesicularis  Gvozdev  1956 

4A.  Inner  head  diameter  less  than  93 

micrometres  in  females  and  less  than 
75  in  males  (Figure  5a);  distance 
from  cloacal  vent  to  tip  of  tail  in 

males  less  than  550  micrometres  - 

- coloradensis  Leiby  1961 

4B .  Inner  head  diameter  greater  than  93 
micrometres  in  females,  and  greater 
than  75  in  males;  distance  from 
cloacal  vent  to  tail  tip  in  males 

greater  than  550  micrometres  - 

-  L.  rausohi  Akhtar  1956 


1  .  Notes  on  Diagnosis 

Members  of  the  Nearctic  species  were  differentiated  by 
Leiby  (1961b)  according  to  size.  Males  of  L.  coloradensis 
were  smaller  than  males  of  L.  rausohi.  However,  males  of 
L.  coloradensis  I  have  seen  from  the  same  host  species,  close 
to  the  type  locality,  were  about  three  times  the  length  of 
those  in  the  type  series  (Table  9,  and  Appendix  III);  the 
latter  specimens  were  apparently  immature.  Another  char¬ 
acter  Leiby  used  was  "different  arrangement  of  the  ventral 
crests".  I  am  not  sure  what  this  means,  but  the  ridge 
extends  closer  to  the  cloacal  vent  in  specimens  of  L.  color¬ 
adensis  than  in  L.  rauschi  specimens  (analysis  of  covariance: 
p  <  0.005  for  both  regression  on  body  length,  and  difference 
of  mea ns ) . 


'•  .  r- 
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Figure  5.  Lateral  aspect  of  anterior  end  of 

a)  Labiostomum  aoloradensis ,  and 

b)  L .  vausohi .  (CB  -  cephalic  bulb 
diameter,  HD  -  head  diameter). 
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Seesee  (1973)  gave  a  brief  and  incomplete  description 
of  specimens  belonging  to  Labiostomum ,  from  0.  princeps  in 
Idaho,  which  he  claimed  differed  from  members  of  L.  color- 
adensis  by  the  greater  body  length  in  males,  the  tooth  struc¬ 
ture,  and  the  presence  of  a  spicule  in  males.  As  mentioned 
above,  I  consider  that  the  males  Leiby  measured  were  immature, 
so  Seesee's  first  characteristic  is  invalid.  Seesee  did  not 
give  the  size  of  his  specimens,  except  that  they  were  longer 
than  10  mm.  Specimens  of  L,  coloradensis  that  I  measured 
averaged  10.6  mm.  Regarding  the  second  character,  Seesee 
claimed  that  Leiby  had  described  specimens  of  L.  coloradensis 
with  a  tooth-like  projection  at  the  very  tip  of  each  lip. 

Leiby  clearly  did  not  describe  the  teeth  that  way:  "in 
L.  coloradensis  they  [the  tooth-like  projections]  extend 
anterol ateral ly  from  the  adjacent  sides  of  the  paired  lips." 
Seesee  is  not  explicit  about  the  tooth  structure  in  his 
specimens,  but  his  figure  (figure  5  of  Seesee,  1973)  may 
easily  be  interpreted  to  illustrate  what  Leiby  described. 
Finally,  it  is  extremely  unlikely  that  Seesee  saw  a  spicule 
in  his  specimens.  No  other  members  of  either  Labiostomum , 
Eugenuris  or  Cephaluris  ,  all  closely  related  worms,  have  a 
spicule,  although  some  were  originally  described  as  having 
one.  The  cuticular  lining  of  the  rectum  in  some  cases  looks 
like  a  spicule,  and  it  is  clear  that  Seesee  has  misinter¬ 
preted  this  structure.  Therefore,  this  species  is  L.  color¬ 
adensis  . 

Males  of  the  Palaearctic  species  L.  naimi  are  supposed 
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to  have  more  cloacal  papillae  (11  pairs  according  to 
Akhtar,  1941)  than  males  of  L.  eoloradensis ,  but  this  may 
not  be  so  because  only  six  pairs  are  shown  in  Akhtar's 
(1941)  ventral  view  (Akhtar's  figure  2a).  Males  of  L.  naimi 
are  also  much  shorter  than  the  males  of  L .  eoloradensis 
which  I  measured  (Table  9,  and  Appendix  III),  but  Akhtar 
appears  to  have  described  immature  specimens  as  indicated 
by  the  meagre  development  of  the  caudal  alae  (figures  2a  and 
2b  of  Akhtar).  According  to  Leiby  (1961b)  males  of  L.  eolor¬ 
adensis  have  a  shorter  ventral  crest  than  males  of  L.  vesi- 
eularis .  This  character,  however,  is  highly  variable. 

Leiby  (1961b)  differentiated  L.  eoloradensis  from 
L.  akhtari  by  position  of  the  tooth-like  projections  on  the 
lips:  among  specimens  of  the  former  species,  these  struc¬ 
tures  project  from  the  side  of  the  lip,  whereas  in  specimens 
of  the  latter  species  they  project  from  the  midline.  There 
is  a  marked  sex  difference  in  this  character  in  specimens  of 
L.  eoloradensis  ,  not  noted  by  Leiby,  but  it  does  apply  to 
both  sexes.  Additionally,  males  of  L.  eoloradensis  have  a 
double,  not  a  quadruple  papilla  immediately  posterior  to 
the  cloacal  vent. 

Akhtar  (1956b)  used  six  characters  to  distinguish 
between  specimens  of  L.  rausehi  and  L.  naimi.  Three  of 
these  are  valid:  specimens  of  L .  rausehi  have  a  smaller 
cephalic  bulb,  larger  eggs,  and  longer  body  size  (Tables  8 
and  9;  Appendix  III).  Another  character  (fewer  cloacal 
papillae  in  males  of  L.  rausehi)  may  also  be  valid,  but 
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Akhtar  (1941)  was  inconsistent  with  his  diagrams  of  specimens 
of  L.  naimi ,  as  mentioned  above.  Two  characters  are  not 
useful:  length  of  oesophagus  (correlated  with  body  size), 
and  length  of  tail  in  females. 

Members  of  L.  rausohi  differ  from  those  of  L.  vesi- 
oularis  and  L.  akhtari  by  characters  shown  in  the  key. 

Among  the  Palaearctic  species,  L.  naimi  males  differ 
from  males  of  the  other  species  by  possession  of  11  pairs 
of  cloacal  papillae.  As  mentioned  above,  this  may  be  in¬ 
correct.  Other  characters  reported  as  diagnostic  between 
specimens  of  L.  naimi  and  L .  vesiaularis  (absence  of  a 
spicule,  structure  of  the  buccal  cavity,  body  length  in 
males  (Gvozdev,  1956))  are  not  useful.  Males  of  L.  akhtari 
are  distinguished  by  possession  of  a  quadruple  medial 
papilla,  just  posterior  to  the  cloacal  vent  (Inglis,  1959). 

2 .  Host  Records  and  Geographical  Distribution 

Members  of  the  Nearctic  L .  ooloradensis  are  known  from 
0.  prinoeps  in  Colorado  (Leiby,  1961b  -  type  area),  Utah 
(Warnock,  1962;  Grundmann  and  Lombardi,  1976),  Nevada 
(Grundmann  and  Lombardi,  1976),  Montana  (Barrett  and  Worley, 
1970),  Idaho  (Seesee,  1973),  and  Alberta  (this  study). 

Members  of  L.  rausahi  are  known  from  0.  oollaris  from  Alaska 
(Akhtar,  1956b  -  type  area),  and  Yukon  Territory  (this  study). 
Distributional  data  for  the  Palaearctic  species  are 


presented  in  Table  10. 


\ 


. 


Table  10.  Host  records  and  data  on  geographic  distribution  of  the 
Palaearctic  species  of  Labiostomum  Akhtar 
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CHAPTER  VI 


ECOLOGY:  GROUPS  OF  HOSTS 


In  this  chapter,  I  consider  the  dynamics  of  popula¬ 
tions  and  communities  of  helminths  in  groups  of  hosts,  in 
order  to  ascertain  the  effects  of  extrinsic  modifying  factors. 

A .  Analytical  Methods 

Various  measures  are  used  to  compare  helminth  popula¬ 
tions  and  communities  of  different  groups  of  hosts.  These 
are: 

1.  The  abundance  index  (Z)  (Janion,  1968).  It  is 
calculated  as: 


-7  a  X  b 

Zi  =  T~ 
c 

where  a  =  the  total  number  of  individuals  of 
helminth  species  i, 

b  =  the  number  of  hosts  infected  with 
s  pec i es  i  , 

c  =  the  number  of  hosts  examined. 

This  index  is  used  in  graphical  representations  of 
helminth  abundances,  because  it  incorporates  both 
prevalence  and  intensity.  Since  only  one  value  of 
Z  exists  for  a  group  of  hosts,  it  is  not  amenable 
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to  statistical  analysis. 

2.  A  logarithmic  transformation  of  intensity  of 
infection: 


1 °g i o  (Ni  +  0 

where  N ..  is  the  number  of  individuals  of  species  i 
in  an  individual  host.  It  is  used  in  the  statisti¬ 
cal  comparisons  of  abundance.  Uninfected  hosts  are 
included  in  the  analyses  unless  otherwise  indicated. 

3.  The  importance  value  (D^)  (Bush,  1973).  It  is  cal¬ 
culated  as: 


Z,  X  100 

Di  =  “4 -  ’ 

l  z1 

1=1  1 

where  D.  is  the  percent  importance  of  species  i, 
and  Z.  is  the  abundance  index  for  species  i,  in  a 
community  of  S  species. 

4.  Species  richness  (S),  the  number  of  species  in  the 
commu  ni ty . 

5.  The  Shannon-Weaver  (1949)  index  of  diversity  ( H ' ) . 
It  is  calculated  as: 

S 

H'  =  -  [  P.-  In  p.  , 

1=1  1  1 
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where  is  the  proportion  of  the  community  of  S 
species  represented  by  species  i,  and  In  is  the 
logarithm  of  base  e.  H1  is  influenced  by  changes 
in  both  components  of  diversity,  species  richness 
and  relative  abundance  (equi tab i 1 i ty) . 

6.  Equi tabil i ty  (J)  (Pielou,  1969).  It  is  calculated 
as  : 

H  1 

J  =  H' 

max 

where  H1  is  the  Shannon-Weaver  diversity  index,  and 

H  1  =  In  S. 

max 

I  use  "infra population"  in  the  same  sense  as  Esch  et_  a_l_. 
(1975),  to  include  "all  individuals  of  a  single  parasite 
species  within  an  individual  host."  Esch  e_t  al_.  (  1  975)  used 
"suprapopul ati on"  to  include  "all  parasites  of  a  given  species, 
in  all  stages  of  development,  within  all  hosts  of  an  eco¬ 
system."  Since  the  boundaries  of  an  ecosystem  are  usually 
nebulous,  a  suprapopul  ati on  in  the  above  sense  is  difficult 
to  define.  Thus,  I  have  taken  the  liberty  of  redefining  the 
term  for  the  purposes  of  this  study,  to  include  the  members 
of  a  given  species  of  helminth  within  a  given  group  of  hosts. 
Additionally,  I  have  extended  these  categories  to  the  commu¬ 
nity  level,  such  that  individuals  of  all  helminth  species 
within  an  individual  host  comprise  an  i nf racommu ni ty ,  and 
individuals  of  all  helminth  species  within  a  given  group  of 
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hosts  comprise  a  su pracommuni ty . 

Statistical  analyses  were  performed  on  groups  of 
infracommunity  diversities,  and  infrapopulation  abundances. 
Either  one-way  (Steel  and  Torrie,  1960:  p.  112)  or  two-way 
(Steel  and  Torrie,  1960:  p.  269)  analyses  of  variance  (ANOVA) 
were  carried  out.  In  the  former  case,  if  a  significant 
(p  £  0.05)  F  value  for  treatments  was  obtained,  means  were 
differentiated  by  a  Duncan's  Multiple  Range  Test  (Steel  and 
Torrie,  1960:  p.  107).  The  method  used  to  differentiate 
means  in  a  two-way  ANOVA  was  that  in  Steel  and  Torrie  (1960: 
p.  271 ) . 

Intensity  frequency  distributions  of  helminths  were 
compared  with  Poisson  frequency  tables  (Beyer,  1968),  and 
negative  binomial  distributions,  the  component  k  of  which 
was  fitted  by  an  iterative  method  of  Bliss  and  Fisher  (1953). 
Statistical  comparison  of  these  distributions  was  by  Chi- 
square  tests  (Steel  and  Torrie,  1960:  p.  349). 

The  two  species  of  Cephaluris  were  pooled  for  the 
analyses,  because  females  were  indistinguishable  from  each 
other  ( p .  30  ) . 

B .  General  Description 

Considering  the  helminths  of  all  sampled  individuals 
of  a  host  species  to  represent  a  s u pracommu n i ty ,  the  two  such 
communities  are  remarkably  similar  in  diversity  (Table  11). 
The  Oahotona  princeps  (=  Alberta)  s u pra commu ni ty  has  greater 
species  richness  and  this  raises  the  diversity,  but  equit- 


. 


Table  11.  Comparison  of  diversity  values  for  both  s upracommu ni ti es ,  consider¬ 
ing  worms  from  all  hosts  of  each  species  as  the  community 
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ability  is  almost  identical  to  that  of  the  supracommuni ty 
in  0.  collavis  (=  Yukon).  When  means  of  diversity  values 
for  infracommunities  are  considered  for  the  two  host  species, 
only  species  richness  is  significantly  different  between 
groups.  See  Section  D  for  a  more  complete  discussion. 

In  contrast  to  the  above  findings,  species  composition 
of  the  two  supracommuni ti es  is  quite  different  (Table  12). 

The  0.  prinoeps  supracommuni ty  is  dominated  by  Murielus 
harpespioulus  ,  which  is  not  present  in  the  0.  oollavis  supra- 
community;  Cephaluris  spp.  dominate  the  latter  supracommu ni ty . 

Bush  (1973)  proposed  a  scheme  of  dominance,  based  on 
his  importance  index,  in  which  helminths  are  categorized  in 
a  decreasing  scale  as  dominants,  co-dominants,  successful 
immigrants  and  unsuccessful  immigrants.  Species  with 
values  greater  than  or  equal  to  1.0,  he  called  dominants; 
those  with  0.01  <  <  1.0,  co-dominants.  He  suggested  that 

while  dominants  are  characteristic  of  the  community,  co¬ 
dominants  may  do  well  in  other  habitats.  According  to  this 
hypothesis,  all  helminth  species  in  pikas  should  be  domin¬ 
ants,  because  none  are  known  to  survive  in  other  habitats 
(=  other  sympatric  host  species),  even  as  unsuccessful  immi¬ 
grants.  My  data  support  his  hypothesis:  even  the  least 
abundant  species  Labiostomum  vausohi  and  L.  oolovadensis  are 
classified  as  dominants  (Table  12). 

The  abundance  index  and  values  of  mean  intensity 
reveal  nothing  of  the  way  in  which  the  helminths  are  dis¬ 
tributed  amongst  host  individuals.  Many  workers  have  found 
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Table  12.  Species  composition  of  the  two  supracommu ni ti es 
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that  helminths  are  usually  clumped,  such  that  a  small  pro¬ 
portion  of  hosts  carry  the  greater  part  of  the  helminth 
population  (Li  and  Hsu,  1951;  Northam  and  Rocha,  1958; 

Froyd  and  Clark,  1962;  Bradley,  1965;  Thomas,  1965; 
Kisielewska,  1970b;  Crofton,  1971a,  1971b;  Pennycuik,  1971; 
Bush,  1973;  Anderson,  1974).  Intensity  frequency  distribu¬ 
tions  of  all  helminth  species,  except  Labiostomum  rausohi 
in  0.  oollavis  ,  show  a  good  fit  to  the  negative  binomial 
distribution,  and  all  show  a  poor  fit  to  the  Poisson  (Table 
13,  see  Figure  6  for  an  example).  Thus,  individual  helminths 
are  over-dispersed,  or  clumped. 

Factors  responsible  for  clumping  may  be: 

(i)  seasonality  in  abundance, 

(ii)  resistance  or  specificity,  related  to  host  age, 

(iii)  resistance  or  specificity,  related  to  host  sex, 

( i v )  locational  differences  in  abundance, 

(v)  clumping  of  infective  stages, 

( v i )  interspecific  interactions. 

Each  of  the  first  five  of  these  causes  will  be  discussed  in 
the  remainder  of  this  chapter,  and  the  sixth  cause  in  the 
Chapter  VII. 

C .  Season  and  Sex 

No  significant  changes  in  diversity  due  to  season 
adjusted  for  sex  were  found  for  either  the  0.  pvinoeps  or 
0.  oollavis  supracommuni ti es .  However,  there  were  sex 
differences  for  both  su pracommu ni ti es ,  in  species  richness, 


. 

Table  13.  Chi -squared  probabilities  of  helminth  intensity  frequency  distributions 
being  different  from  Poisson,  and  negative  binomial  distributions.  The 
k  components  for  expected  negative  binomial  distributions  are  also 
listed.  Only  adult  pikas  were  included  in  the  analyses. 
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Figure  6.  Intensity  frequency  distribution  of 

Eugenuris  taVkeetnaeuris  in  adult  Oahotona 
oollaris  ,  compared  with  expected  Poisson 
and  negative  binomial  distributions. 
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and  Shannon-Weaver  diversity  (Figure  7).  Females  of 
0.  prinoeps  have  consistently  more  diverse  helminth  communi¬ 
ties  than  males;  species  richness  was  also  higher  except 
for  one  sample.  The  pattern  for  0 .  oollaris  helminth 
communities  is  much  more  complex.  Trends  seen  in  species 
richness  are  reflected  in  the  diversity  index.  Values  for 
helminths  in  female  hosts  fluctuate  more  than  for  those  in 
males,  but  this  may  be  due  to  the  lower  sample  sizes  of 
femal es . 

Each  helminth  species  is  now  considered  separately 
(Figure  8).  Only  one  species  group  (a  pair  of  species) 
referred  to  as  Cephaluris  spp.  in  0 .  prinoeps  showed  any 
significant  seasonal  trend,  and  only  one  sample,  the  first, 
caused  this  difference  (Figure  8d).  Although  Cephaluvis  spp. 
was  the  only  one  to  show  a  statistically  significant  sea¬ 
sonal  trend  all  nematode  species  in  0.  prinoeps  were  low  in 
abundance  at  the  first  collection  period.  Thus,  there  is 
probably  a  reduced  exposure  to  infective  stages  late  in  the 
winter.  Data  from  seven  pikas  collected  in  mid-November, 
not  included  in  the  analysis,  show  that  mean  intensities  of 
pinworms  are  quite  high  at  that  time  (Table  14).  Further¬ 
more,  the  pika  captured  on  21st  December  was  heavily 
infected,  whereas  the  pika  collected  on  3rd  April  had  few 
pinworms  (Table  14).  It  is  not  worthwhile  at  the  present 
time  to  speculate  on  the  rate  of  acquisition  of  new  infec¬ 
tions  during  winter,  as  longevities  of  worms  are  unknown  for 
all  species. 


29:D9<i2  nr  H9S2  .X9tqmOD  9nom  riouin  er  39  ri  :  nummoD 

. 


Table  14.  Mean  intensities  of  helminths  in  winter-collected  Oahotona 
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Figure  7.  Mean  Shannon-Weaver  diversity  values  (H1), 


mean  number  of  species,  and  analysis  of 
variance  for  infracommunities  of  helminths 


in  adult  pikas,  at  different  collection 

periods.  Median  collection  dates  for  each 

period  and  sample  sizes  (male  hosts,  femal 

hosts)  are  as  follows 

Oehotona  oollaris :  14  June  (11,  3) 

30  June  (11,  3 ) 

15  July  (7,  4) 

27  July  (2,  11) 

12  August  (8 ,  7) 

28  August  (8 ,  4 ) 

Oohotona  prinoeps :  1  June  (12,  6) 

28  June  (18,  5) 

22  July  (11 ,  6) 

14  August  (10,  11) 
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Figure  8.  Abundance  values  (Z)  for  suprapopul ations , 
and  analysis  of  variance  on  log^  (N  +  1) 
for  infrapopulations  of  helminths  in  adult 
pikas  at  different  collection  periods. 
Median  collection  dates  and  sample  sizes 
are  as  in  Figure  7.  a)  Gvaphidiella  and 
Murielus  ,  b)  Labiostomum ,  c)  Eugenuris , 
d)  Cephaluris ,  and  e)  Schizorchis  . 
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Figure  8.  Continued 
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Figure  8.  Continued 
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Two  species  in  0.  oollaris  helminth  communities 
( Eugenuris  talkeetnaeuris  and  Labiostomum  rausohi )  and  three 
in  0.  prinoeps  communities  ( Graphidiella  oohotonae ,  Murielus 
harpespioulus  and  Cephaluris  spp.)  were  significantly 
different  (two-way  analysis  of  variance)  in  abundance 
between  host-sex  grouping,  when  adjusted  for  season 
(Figure  8) . 

In  0.  prinoeps ,  the  two  tri chos trongyl oi ds  ( G .  ooho¬ 
tonae  and  M.  harpespioulus)  show  similar  patterns,  such  that 
populations  reach  a  peak  earlier  in  males  than  in  females 
(Figure  8a).  Female  pikas  did  not  maintain  high  populations 
of  helminths  until  after  the  breeding  season.  This  is 
opposite  to  the  case  with  two  tri chos trongyl oi  ds ,  Trioho- 
strongylus  retortaeformis  and  Graphidium  strigosum ,  in  rabbits 
( Oryoto lagus  ounioulus)  in  Australia  investigated  by  Dunsmore 
(1966a,  1966b)  and  Dunsmore  and  Dudzynski  (1968),  and  with 
T .  retortaeformis  in  wild  rabbits  in  New  Zealand  (Bull, 

1964).  Dunsmore  ( 1  9 6 6 d ,  1971)  showed  experimental ly  that 
the  increase  in  worm  burdens  in  females  during  the  breeding 
season  were  due  to  host  hormones,  including  ACTH  and  prob¬ 
ably  oestrogen.  He  postulated  that  either  the  immunological 
threshold  varies  with  different  hormonal  states,  or  hormones 
change  the  microhabitat  of  the  gut.  Transmission  to  young 
hosts  is  made  maximum  because  the  highest  levels,  and  hence 
the  highest  production  of  infective  stages,  are  attained 
in  females  at  the  period  of  greatest  contact  with  young. 
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One  would  expect  this  to  be  true  for  pikas  too.  That 
it  is  not  so  could  result  from  females  being  under  more 
stress  after  the  breeding  period  than  during  it.  At  the 
end  of  the  breeding  period,  they  must  compete  with  males  for 
territory  and  begin  collecting  hay.  Males  on  the  other  hand, 
get  an  earlier  start  with  hay  collecting  (Sharp,  1973). 
Perhaps  the  greatest  stress  for  males  is  during  the  breeding 
season  when  they  defend  larger  territories,  which  they  share 
with  females  (Sharp,  1973).  Tapper  (1973)  found  that  whereas 
most  female  young-of-the-year  dispersed  in  the  autumn  of 
their  first  year,  many  males  did  not  do  so  until  the  follow¬ 
ing  spring.  Spring  then,  may  be  a  particularly  stressful 
period  for  young  males,  and  it  may  be  these  individuals 
which  are  carrying  most  of  the  large  population  of  tricho- 
s trongy 1 oids .  However,  preliminary  data  of  Samuel  (1970) 
do  not  confirm  this;  prevalence  in  one-year-old  pikas  was  no 
higher  than  that  in  older  pikas. 

Amount  of  fat  storage  is  an  index  of  condition. 

Millar  (1971)  weighed  interscapular,  cardiac,  and  splenic 
fat  bodies  and  expressed  the  total  as  an  index  of  fat  scaled 
for  body  weight.  According  to  this  index,  females  are  in 
their  poorest  condition  from  July  to  early  August,  and  best 
in  May  and  early  June.  Males  are  poorest  in  May  and  June, 
and  improve  in  July  and  August.  Low  fat  index  corresponds 
well  with  high  tr i ch os trongyl oi d  levels  for  both  sexes. 

Dunsmore  (1972)  suggests  that  burdens  of  G.  etrigosum 
in  rabbits  increase  with  increase  in  density  of  host  popula- 
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tion  and  decrease  in  living  space,  both  of  which  are 
stressors  (Myers  et  al_. ,  1971).  Although  the  same  trends 
existed  for  T.  retortaeformis ,  there  were  no  significant 
density  or  space  effects. 

In  conclusion,  the  two  tri chos trongyl oi ds  in  0.  prinoeps 
show  similar  sex  differences  in  their  seasonal  patterns  of 
infection  levels.  In  contrast  to  studies  on  trichos trongyl oi d 
population  cycles  in  feral  rabbits,  which  indicate  the  influ¬ 
ence  of  reproductive  hormones,  this  study  implies  that  popula¬ 
tions  of  tr i ch os trongyl oi ds  in  pikas  increase  due  to  poor 
condition  of  the  host. 

Only  one  other  species  group  in  0.  prinoeps ,  Cephaluris 
spp.,  was  significantly  different  in  abundance  between  host 
sexes  (Figure  8d).  Females  consistently  had  greater  abund¬ 
ances  of  Cephaluris  spp.  than  males.  I  am  unable  to  offer 
an  explanation  for  this;  the  same  species  pair  in  0.  oollaris 
had  identical  populations  in  males  and  females.  Dunsmore 
(1966c)  found  the  pinworm  Passaluris  ambiguus  at  much  higher 
levels  in  female  rabbits  than  males,  but  only  during  the 
breeding  season. 

In  0.  oollaris  ,  two  species,  L.  rausohi  and  E.  talkeet- 
naeuris  exhibited  significant  differences  due  to  host  sex, 
adjusted  for  season  (Figure  8b  and  8c).  Unfortunately, 
sample  sizes  for  collection  periods  were  low,  particularly 
for  female  hosts,  and  these  may  have  biased  the  results. 

No  interpretable  trends  are  obvious  with  these  species,  so 
I  feel  that  a  greater  sample  size  would  be  necessary  before 
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drawing  any  conclusions. 

D .  Location 

Helminth  communities  in  adult  pikas,  from  the  three 
collection  sites  in  the  Yukon  and  the  three  major  sites  in 
Alberta,  were  compared  with  each  other  by  one-way  analysis 
of  variance.  Shannon-Weaver  diversity  values  (Figure  9)  are 
not  significantly  different  between  any  pair  of  the  collec¬ 
tion  sites.  Species  richness  however,  is  significantly 
lower  in  the  Yukon  communities  compared  with  Alberta  communi¬ 
ties;  and  among  the  Yukon  communities,  site  Y2  has  signifi¬ 
cantly  lower  species  richness  than  Y3,  10  km  distant.  It 
is  tempting  to  postulate  the  existence  of  a  control  of  diver¬ 
sity  from  the  apparent  constancy  of  Shannon-Weaver  diversi¬ 
ties,  in  contrast  with  the  variation  in  species  richness  and 
species  composition.  However,  I  believe  it  to  be  a  reflec¬ 
tion  of  the  low  potential  species  richness  and  the  mathe¬ 
matical  nature  of  the  diversity  index,  rather  than  a  bio¬ 
logical  property,  since  the  index  has  a  maximum  of  In  S. 

Three  ( Sahizorchis  oaballevoi  and  Cephaluris  spp.)  of 
the  five  species  present  in  the  Yukon  communities  (Figure  10a), 
and  one  ( Muvielus  harpespiculus)  of  the  seven  in  the  Alberta 
communities  (Figure  10b),  differ  significantly  in  abundance 
between  locations.  The  three  species  in  the  Yukon  are  less 
abundant  at  site  Y2  than  at  either  of  the  other  sites. 
Interestingly,  fleas  on  these  pikas  show  a  similar  relation¬ 
ship;  prevalences  of  75  and  60%  were  found  for  Monopsyllus 


Figure  9.  Mean  Shannon-Weaver  diversity  values  (H‘), 
mean  number  of  species,  and  analysis  of 
variance  for  infracommunities  of  helminths 
in  adult  pikas  from  different  geographical 
localities.  See  Figure  1  for  locations 


of  sites. 
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Figure  10.  Abundance  values  (Z)  for  su prapopul a ti ons  , 

and  analysis  of  variance  on  1  og  -j  q  (N  +  1) 
for  infrapopulations  of  helminths  in  adult 
a)  Oohotona  oollavis  and  b)  0 .  pvinaeps , 
from  different  geographical  localities. 

See  Figure  1  for  location  of  sites. 
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Ssizee  36  13  30  helminths  IN  OCHOTONA  COLLARIS 
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Figure  10.  Continued. 
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tolli  at  sites  Y1  and  Y3  respectively,  but  no  fleas  were 
present  on  pikas  from  site  Y2  (unpublished  data).  In 
Alberta,  M.  havpespioulus  is  absent  from  site  A3,  but  quite 
abundant  3  km  distant  at  site  A2 . 

These  data  support  the  hypothesis  that  pikas  are  grouped 
in  semi - i sol  a  ted  populations.  Smith  (1974a,  1  974b)  treated 
pika  populations  as  islands,  and  considered  them  to  be  in  a 

dynamic  equilibrium  of  extinction  and  recolonization. 

Extinction  is  inversely  related  to  island  size,  and  recoloniza¬ 
tion  inversely  related  to  inter-island  distance  (MacArthur 
and  Wilson,  1967).  Smith  (1974a)  considered  that  distances 
greater  than  300  m  were  difficult  barriers  for  dispersal  by 
young  pikas,  but  he  was  working  with  populations  at  the  low 
altitudinal  limit  of  the  species  range.  He  considered  that 
high  temperature  limited  dispersal  distance  (Smith,  1974b). 
Pikas  are  known  to  be  intolerant  of  high  temperature 
(MacArthur  and  Wang,  1973). 

Tapper  (1973)  undertook  a  removal  experiment  to  test 
the  rate  of  recolonization  in  an  area  considered  closer  to 
the  core  of  the  species  range.  In  this  area  (located  60  km 
south  of  my  site  A1  in  Alberta),  almost  all  the  available 
habitat  was  filled.  He  removed  all  the  pikas  from  an  isolated 
slide  in  May,  and  observed  the  area  every  two  weeks  for  sign 
of  pikas.  Prior  to  removal,  an  average  population  of  eight 
adults  resided  on  the  slide.  In  August,  a  juvenile  male  pre¬ 
viously  seen  on  a  slide  3  km  distant,  appeared  on  the  slide, 
and  took  up  residence.  However,  by  the  following  year,  he 
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was  still  alone.  When  pikas  were  removed  from  another  less 
isolated  area,  only  200-300  m  from  the  closest  pikas,  the 
experimental  area  became  saturated  again  only  two  months 
later.  Thus  in  Alberta,  pikas  can  potentially  disperse  over 
relatively  long  distances. 

My  data  on  parasites  indicate  that  few  dispersing 
pikas  become  established  on  occupied  habitat.  The  extreme 
example  is  with  m.  harpespiculus  in  Alberta,  where  two  of 
the  collection  sites  with  radically  different  abundances, 

A2  and  A3,  are  only  3  km  distant,  and  not  obviously  separated 
by  a  barrier.  This  indicates  that  even  in  the  core  of  the 
species  range,  0.  princeps  (and  0.  collaris)  populations  and 
their  helminth  suprapopul ations ,  may  be  regarded  as  islandic. 
If  this  is  so,  then  local  extinctions  of  helminth  populations 
such  as  that  of  M.  harpespiculus  are  not  unexpected.  One 
would  expect  a  much  greater  rate  of  extinction  with  helminth 
suprapopul ati ons  than  with  host  populations,  because  each 
host  individual  is  itself  an  island,  which  may  or  may  not 
contain  an  infra  population  of  helminths. 

Site  Y2,  where  species  richness  and  abundance  of  two 
species  of  helminths  and  of  the  flea  M .  tolli ,  are  consist¬ 
ently  lower,  may  represent  recent  recovery  from  a  local  host 
population  extinction.  However,  considering  the  large  size 
of  this  population,  its  proximity  to  other  populations,  and 
that  all  the  available  habitat  in  the  entire  region  appeared 
to  be  filled  (personal  observation),  this  seems  intuitively 
unlikely.  Instead  this  area  may  have  suffered  more  local 
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extinctions  of  helminth  supra populations  than  the  other 
areas.  Although  large,  this  population  of  pikas  seems 
smaller  and  more  isolated  than  the  other  two  sampled  in 
the  Yukon,  which  could  explain  the  higher  rate  of  extinction. 
Another  explanation  could  be  that  the  area  provides  marginal 
habitat  for  the  larval  stages  of  these  parasites. 

E .  Age 

Samuel  (1970)  provided  preliminary  evidence  that  there 
are  no  differences  in  prevalence  between  helminth  suprapopula- 
tions  in  different  age  classes  of  adult  0.  prinaeps .  His 
data  also  indicate  a  gradual  acquisition  of  helminths  by 
juvenile  pikas  over  their  first  summer.  I  analyzed  additional 
data  on  sequence  and  rate  of  acquisition  of  helminths  by 
juveniles  but  not  by  adults. 

To  obtain  groups  of  hosts  comparable  in  size  between 
juvenile  age  classes  of  the  two  species  of  pikas,  I  placed 
individuals  in  one  of  three  groups  for  each  host  species 
(designated  a-c),  as  shown  in  Figure  11.  The  groups  are  only 
approximately  equivalent  in  host  age  between  host  species. 

Similar  trends  in  diversity  and  species  richness  are 
apparent  in  the  development  of  s upracommu ni ti es  in  both  host 
species  (Figure  11).  By  age  c  ( approximately  55  days), 
communities  are  similar  in  diversity  and  species  richness 
to  communities  in  adult  pikas.  This  is  a  rather  rapid 
development,  since  no  pika  younger  than  44  days  for  0.  aollariv , 
or  39  days  for  0.  prinaeps ,  was  infected. 
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Figure  11.  Mean  Shannon-Weaver  diversity  values  (H1), 


number  of  species,  and  analysis  of  vari¬ 
ance  for  infracommunities  of  helminths  in 
pikas  of  different  ages.  The  ages  of  each 
group  are  as  fol 1 ows : 

Ochotona  oollavis :  a)  21-39  days 

b)  44  days 

c)  65  days 
Ad . )  Adu 1 t 

Oohotona  princeps :  a)  14-38  days 

b)  39-50  days 

c)  52-65  days 
Ad . )  Adu 1 t 


MEAN  NO.  SPECIES  MEAN  H'  M  E  AN  NO.  SPECIE  S  MEAN 
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The  earliest  invader  in  0.  oollavis  (Figure  12a)  is 
Sohizovohis  oaballevoi.  Cephaluvis  spp.  are  present  early, 
but  are  not  as  abundant  in  juveniles  as  in  adults.  Eugenuvis 
talkeetnaeuvis  reaches  abundance  characteristic  of  adult 
pikas  by  age  c,  but  still  appears  to  be  a  late  invader. 
Labiostomum  vausohi  is  consistently  in  low  abundance,  and 
is  impossible  to  analyze  given  the  present  sample  sizes, 
but  it  appears  to  be  a  late  invader. 

In  0.  pvinoeps  (Figure  12b),  S.  oaballevoi  again  is  an 
early  invader,  but  Gvaphidiella  oohotonae  and  Muvielus 
havpespioulus  reach  abundances  characteristic  of  adult  pikas 
earlier.  The  pinworms  are  somewhat  slower  in  invading. 
Labiostomum  ooloradensis  is  always  in  low  abundance,  so  is 
difficult  to  analyze.  Eugenuvis  sp.  A  and  Cephaluris  spp. 
are  relatively  late  invaders,  although  they  reach  abundances 
chatac teri sti c  of  adults  by  age  c. 

Pikas  begin  to  emerge  from  the  nest  about  21  days 
after  birth,  and  are  weaned  at  21-28  days  (see  Chapter  IV). 

It  is  surprising  that  helminth  infections  do  not  occur  until 
another  10-15  days  have  elapsed.  Unpublished  data  acquired 
as  an  offshoot  of  work  by  Hobbs  and  Samuel  (1974),  show  that 
pikas  acquire  coccidian  (Protozoa:  Eimeriidae)  infections 
much  earlier  than  helminth  infections.  Coccidia  have  direct 
life  cycles,  as  do  all  the  helminths  encountered  here  except 
S .  oaballevoi .  One  pika  [0.  pvinceps )  was  passing  more  than 
10,000  oocysts  of  Eimevia  oivoumbovealis  per  gram  of  faeces 
at  17  days  of  age,  presumably  before  weaning.  The  difference 
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Figure  12.  Abundance  values  (Z)  for  suprapopulations , 

and  analysis  of  variance  on  log-^  (N  +  1) 
for  infrapopulations  of  helminths  in 
a)  Oohotona  aollaris  and  b)  0 .  prinoeps 
of  different  ages.  The  ages  of  each  group 
are  as  in  Figure  11. 
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Figure  12.  Continued. 
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between  time  of  acquisition  of  helminths  and  coccidia  could 
be  caused  by  the  following: 

(i)  helminths  have  a  longer  development  time  in 
pikas  than  do  coccidia  and  are  not  detected 
until  later 

(ii)  pikas  do  not  encounter  infective  stages  of 
helminths  as  early  as  they  encounter  sporu- 
lated  (=  infective)  coccidia  oocysts 

(iii)  young  pikas  are  refractory  to  infection  with 
helminths,  but  not  to  coccidia. 

With  the  exception  of  sporulation  times  of  some 
coccidia,  life-cycles  or  development  times  of  helminths  or 
coccidians  in  pikas  are  unknown.  However,  related  species 
of  each  group  are  not  as  divergent  in  development  time  as 
would  be  required  for  the  first  explanation.  For  example, 
Aspieuluris  tetraptera ,  a  relative  of  pika  pinworms,  has  no 
mucosal  stage,  the  development  being  entirely  lumenal 
(Philpot,  1924),  and  worms  are  detectable  in  the  caecum  by 
18  hours  post-infection.  Oocysts  of  Eimeria  perforans  are 
present  in  the  faeces  of  rabbits  ( Oryctolagus  ouniaulus)  , 
six  days  pos t- i nf ect i on  (Kheysin,  1967). 

It  is  likely  that  unweaned  pikas  eat  the  faeces  of  the 
female  parent,  as  has  been  suggested  for  jackrabbits  ( Lepus 
calif ornious)  in  California  ( Lech  1 e i tner ,  1  957  ).  If  cocci- 
dian  oocysts  in  the  faeces  sporulate  more  quickly  than  nema¬ 
tode  eggs  develop  to  infectivity,  juvenile  pikas  could  be 
exposed  to  the  former  and  not  the  latter.  Oocysts  of  Isospora 
marquardti ,  Eimeria  banffensis ,  E.  cryptobarretti ,  E.  prin- 
aepsis ,  and  E.  oalantinei ,  all  coccidians  of  pikas,  sporu- 
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lated  within  72  hours  at  30°C  (Duszynski  and  Brunson,  1972, 
1973).  Eggs  of  Aspiouluris  tetraptera  become  infective  in 
6-7  days  (Anya,  1966). 

The  third  explanation  is  also  probable  in  view  of  the 
late  acquisition,  but  subsequent  rapid  development  of  hel¬ 
minth  communities,  but  cannot  be  supported  without  experi¬ 
mental  evidence.  It  could  be  mediated  directly  by  the  host 
in  terms  of  necessary  conditions  for  individual  helminth 
species  to  develop,  or  via  interactions  with  other  species, 
as  a  successional  phenomenon. 

There  is  not  enough  known  of  the  biology  of  any  pika 
helminths  to  explain  why  individuals  of  S.  caballeroi , 

G.  o chotonae  or  M.  havpespiculus  invade  younger  pikas  than 
the  pinworms  are  able  to  invade.  The  possibilities  dis¬ 
cussed  above  in  relation  to  coccidian  infections,  may  apply 
equally  well  to  differences  in  acquisition  rates  between 
helminth  species. 

F .  Clumped  Infective  Stages 

Although  I  have  no  quantitative  information  on  this 
topic,  no  doubt  much  of  the  cause  for  over-dispersion  of 
helminths  in  pikas  is  due  to  the  clumping  of  infective  stages. 
Eggs  are  passed  in  the  faeces,  which  are  eliminated  as  dis¬ 
crete  pellets.  Groups  of  these  pellets  are  clumped  into 
faecal  piles  because  a  pika  tends  to  defaecate  at  a  limited 
number  of  locations  within  its  territory. 

For  the  direct  life-cycle  helminths,  including  all  the 
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nematodes,  a  pika  coming  into  contact  with  one  infective 
individual  increases  its  probability  of  contact  with  others. 
The  situation  is  not  as  simple  with  s.  caballeroi.  Other 
anopl ocephal i nes  for  which  life  cycles  are  known,  use 
oribatid  soil  mites  as  intermediate  hosts  (Kates,  1965). 

For  clumping  to  occur  here,  either  the  mites  have  a  clumped 
distribution,  or  the  cys ti cercoi ds  are  distributed  non- 
randomly  in  mites.  One  very  likely  area  of  contact  between 
pikas  and  soil  mites  is  the  hay  pile.  A  well  developed  soil 
accumulates  at  hay  pile  sites,  since  the  same  sites  may  be 
used  year  after  year. 
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CHAPTER  VII 


ECOLOGY:  INTERACTIONS 


A .  Introduction 

Interspecific  interactions  occur  among  parasites  liv¬ 
ing  in  the  same  host  ( Leigh -Sharpe ,  1933;  Cross,  1934;  for 
more  examples  see  Holmes,  1973).  Holmes  (1961,  1962)  pro¬ 
vided  experimental  evidence  in  a  classical  study  of  competi¬ 
tion  between  the  cestode  Hymenolepis  diminuta  and  the 
aca n thocepha 1  a n  Moniliformis  dubius  in  laboratory  rats. 

Interactions  between  parasites  may  take  many  forms, 
including  competitive  exclusion,  inhibition  of  maturation 
or  growth,  and  site  displacement.  In  competitive  exclusion, 
one  of  the  earliest  forms  to  be  demonstrated,  the  number  of 
one  species  is  reduced  in  hosts  infected  with  a  second  (see 
Holmes,  1973  for  examples).  Schad  (1966)  regarded  cross¬ 
immunity  as  an  indirect  form  of  competitive  exclusion.  The 
converse  of  competitive  exclusion,  interactive  enhancement, 
has  received  little  attention,  but  there  are  examples  (Ewing 
and  Todd,  1961a,  1961b;  Thomas,  1964;  Clou tm an,  1975). 

Although  there  are  many  examples  of  intraspecific 
inhibition  of  maturation  (Avery,  1969;  Ghazal  and  Avery, 
1974),  very  few  examples  of  interspecific  inhibition  of 
maturation  have  been  observed.  Holmes  (1962)  suggested  that 
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the  presence  of  M.  dubius  reduced  the  egg  output  of  H. 
diminuta  in  rats.  Leong  (1975)  presented  evidence  that 
the  proportion  of  gravid  females  of  the  aca nthocephal a n 
Meteohinorhynohus  salmonis  in  lake  trout  ( Salvelinus 
namayoush)  is  inversely  proportional  to  the  number  of  cestode 
individuals  ( Eubothrium  salvelini) .  An  interactive  size 
reduction  effect,  similar  to  the  well  known  intraspecific 
"crowding  effect"  (Chandler,  1939),  has  been  demonstrated  for 
M.  dubius  and  H.  diminuta  (Holmes,  1962). 

According  to  Holmes'  (1973)  scheme,  organisms  may  avoid 
competition  of  the  above  kinds  by  interactive  site  segrega¬ 
tion.  The  best  known  example  in  helminths  is  the  displace¬ 
ment  of  H.  diminuta  by  M.  dubius  (Holmes,  1961,  1962);  a 
few  other  examples  are  given  by  Holmes  (1973).  Many  more 
examples  of  selective  site  segregation  have  been  observed 
(see  Holmes,  1973;  and  Crompton  1973  for  reviews).  Holmes 
(1973)  suggests  that  selective  site  segregation  is  the  prob¬ 
able  evolutionary  outcome  of  interactive  site  segregation, 
and  postulates  that  the  reason  for  the  relative  paucity  of 
cases  of  interactive  site  segregation  is  that  most  parasite 
communities  are  not  young. 

Helminth  communities  in  pikas  afford  several  examples 
of  interspecific  interaction  and  site  selection.  I  will  dis¬ 
cuss  examples  of  competitive  exclusion  or  interactive 
enhancement  first,  then  interactive  site  segregation,  and 
selective  site  segregation. 
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B .  Competitive  Exclusion  and  Interactive  Enhancement 

A  simple  method  of  testing  for  competitive  exclusion 
is  to  compare  the  frequencies  of  occurrence  of  each  species 
of  all  possible  pairs  of  species,  in  single  and  concurrent 
infections.  This  was  done  with  2x2  Chi-squared  contingency 
tests  (Steel  and  Torrie,  1960,  p.  371).  Juvenile  pikas  were 
excluded  from  these  tests,  since  so  few  were  infected  with 
helminths;  their  inclusion  would  have  biased  the  outcome 
toward  positive  interaction. 

Not  one  of  these  tests  indicated  a  significant  ( 1 .  e . , 
p  £  0.05)  competitive  exclusion  between  species  (Figure  13), 
but  four  s pec i es - pa i rs  were  found  concurrently  more  often 
than  by  chance.  Two  others,  both  involving  the  two  genera 
Labiostomum  and  Cephaluris  ,  were  strongly  indicative  of  posi¬ 
tive  interaction,  but  were  not  statistically  significant 
(p  <  0.1  for  each).  In  each  comparison,  Labiostomum  was 
found  only  in  pikas  concurrently  infected  with  Cephaluris  . 

Rank  correlation  is  another  method  of  detecting  com¬ 
petitive  exclusion.  It  is  a  little  more  sensitive  than 
2x2  contingency  tests,  because  it  allows  for  those  situa¬ 
tions  in  which  competitive  exclusion  is  not  absolute;  that 
is,  large  numbers  of  species  A  reduce  the  numbers  of  B  with¬ 
out  completely  excluding  B.  Rank  correlations  were  deter¬ 
mining  for  only  those  pikas  which  were  infected  with  at 
least  one  species  of  the  pair.  Once  again,  no  statistically 
significant  cases  of  negative  interactions  were  detected  with 
Spearman's  rank  correlation  (Steel  and  Torrie,  1960,  p.  409). 
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Figure  13.  Trellis  matrix  of  2  x  2  contingency  tables 


for  all  possible  pairs  of  species.  The 
Chi-square  value  is  given  below  each  box. 

All  interactions  are  not  significant,  except 
those  marked  *(p  <  0.05),  **(p  <  0.01),  or 
***(p  <  0.005)  . 
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Positive  correlations  were  found  between  some  of  the  pin- 
worm  pairs  (Figure  14). 

Most  of  the  instances  of  positive  interactions  involved 
pairs  of  pinworms.  According  to  Gause's  competitive  exclu¬ 
sion  principle,  one  might  expect  strong  negative  interactions 
between  such  closely  related  species.  The  question  then 
arises  how  these  species  co-exist.  Following  the  evolution¬ 
ary  sequence  of  Holmes  (1973,  figure  2),  one  would  predict 
these  species  to  be  segregating  resources,  either  inter¬ 
actively  or  selectively,  such  that  competition  is  reduced; 
this  is  often  so  (see  below). 

With  resource  segregation  however,  one  would  still 
expect  only  a  lack  of  competitive  exclusion,  not  an  inter¬ 
active  enhancement.  Occurrence  of  the  latter  among  pinworms, 
might  be  due  to  similarities  in  life-cycle  and  development 
outside  the  host,  so  that  the  helminths  are  more  common  in 
individual  pikas  which  inhabit  areas  of  particularly  good 
habitat  for  the  free-living  stages  of  all  the  pinworms. 

Ewing  and  Todd  (1961a,  1961b)  demonstrated  experiment¬ 
ally,  an  association  between  two  species  of  lungworms 
Metastvongytus  apri-  and  M.  pudentoteatus  ,  in  swine.  When 
infective  stages  of  these  helminths  were  administered  con¬ 
currently,  the  number  reaching  maturity  was  much  greater  for 
both  species  than  when  administered  singly,  even  though  there 
was  no  apparent  site  segregation. 

Colwell  and  Wescott  (1973)  showed  exper imental 1 y  that 
a  mouse-adapted  strain  of  Nippos trongylus  brasiliensis  bene- 
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Figure  14.  Trellis  matrix  of  results  of  Spearman's 

rank  correlation  (SRC)  of  intensity  for 
all  possible  pairs  of  species.  Values  in 
each  box  are  explained  in  the  key. 
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fitted  from  concurrent  infection  with  Nematospiroides  dubius  . 
Whereas  N.  brasiliensis  is  eliminated  after  12  days  by  an 
immune  reaction  in  single-species  infections,  worms  are 
still  present  at  60  days  in  concurrent  infections.  There 
is  apparently  no  effect  of  N.  brasiliensis  on  N.  dubius  infec 
tions.  In  a  further  series  of  experiments  including  host- 
to-host  transfers,  Jenkins  (1975)  showed  that  only  those 
worms  which  have  developed  in  mice  infected  with,  or  pre¬ 
viously  exposed  to  N.  dubius ,  have  a  prolonged  longevity. 

He  postulated  that  worms  became  adapted  during  their  larval 
stage,  to  antibodies  developed  against  N.  dubius. 

Positive  interactions  have  been  observed  in  field 
studies,  but  can  often  be  attributed  to  mutual  requirements 
at  the  infective  stage,  and  similarities  in  life-cycle. 

Thomas  (1964)  recorded  positive  relationships  between  hel¬ 
minth  species  in  brown  trout,  which  he  attributed  to  feeding 
preferences  of  the  hosts,  and  Cloutman  (1975)  reported  posi¬ 
tive  relationships  between  gill  parasites  of  bass,  warmouth 
and  bluegill  . 

Kisielewska  (  1  9 7 0 d )  reported  some  interesting  examples 
of  positive  relationships  of  helminths  in  the  vole  Cleth- 
rionomys  glareolus  .  She  found  three  positive  relationships, 
all  between  species  occurring  in  different  sites  in  the  host. 

1  re-analyzed  her  data  for  two  of  these  associations  with 

2  x  2  Chi-square  contingency  tests,  and  found  only  one 
[Heligmos omum  halli  and  Catenotaenia  pusilla)  to  be  statistic 
ally  (p  <  0.05)  significant.  Kisielewska  (  1 9 7 0 d )  also 
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claimed  that  while  there  was  a  positive  interaction  for 
co-occu rrence  of  H.  halli  and  c.  pusilla ,  there  was  a  nega¬ 
tive  relationship  between  intensity  of  infection  of  the  two 
species.  The  figure  she  refers  to  for  evidence  however 
( Ki s i el ews ka ' s  1970d,  figure  2),  does  not  show  any  such 
relationship.  Her  reasoning  requires  the  assumption  of  a 
random  distribution  of  intensity  frequencies  in  single¬ 
species  infections,  a  situation  she  did  not  encounter  except 
in  species  with  very  low  prevalence  ( Ki si  el ewska ,  1970c, 

1 9 70 d )  .  Sample  2  x  r  Chi-square  analyses  I  ran,  using  data 
from  her  figure  (  1  9  70  d ,  figure  2),  between  intensity  fre¬ 
quency  distributions  of  one  species  under  differing  intensi¬ 
ties  of  the  other,  showed  no  significant  effects. 

The  positive  relationships  found  between  pinworm 
species  of  pikas  in  this  study  could  be  explained  as  being 
caused  by  similarity  in  life-cycle.  An  experimental  study 
is  required  to  test  for  more  direct  relationships  between 
species.  Such  an  approach  may  prove  fruitful  for  the  effect 
of  other  species  of  pinworms  on  the  establishment  of  L. 
rausohi  and  L .  aolovadensis  .  No  individuals  of  these  species 
were  present  in  pikas  which  were  not  infected  with  Cephaluris 
spp.  (Figure  13),  hinting  to  the  possibility  of  a  successional 
phenomenon  . 

C .  Interactive  Site  Segregation 

Figure  15  indicates  the  sites  at  which  helminths  of 
each  species  are  found.  Only  the  pinworms  overlap  in  distri- 


n:  •;  . 1  «  •  7 

■ 

. 

■ 

.  -  ^  s  o  <  a  u  ie }  c  >r :  ■  2  f  t  u  .  r 


Figure  15.  Diagrammatic  view  of  the  gastro-i ntes ti nal 

tract  of  a  pika,  showing  the  sites  occupied 
by  helminths  encountered  in  this  study. 
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but  ion;  more  will  be  said  of  these  later. 

In  order  to  test  for  interactive  site  segregation  of 
the  two  small  intestinal  worms,  Murielus  harpespioulus  and 
Sohizorohis  oaballeroi ,  the  small  intestine  was  physically 
partitioned  into  approximately  eight  sections  immediately 
after  the  host's  death,  by  tying  off  with  cotton  thread. 

The  anterior-most  section  was  only  about  3-4  cm  in  length, 
while  the  remaining  seven  were  approximately  15  cm.  Some 
intestines  were  partitioned  into  more  or  less  than  eight 
sections  in  the  field,  and  were  standardized  to  eight  for  the 
analyses.  Thus,  each  section  is  represented  by  a  different 
sample  size  of  hosts.  To  compensate  for  this,  a  form  of 
prevalence  measure  was  used,  in  terms  of  the  frequency  of 
infection  in  each  of  the  sections.  The  mean  number  of  worms 
per  section  (including  uninfected  sections)  was  also  calcu¬ 
lated.  Results  are  shown  in  Figure  16.  Only  those  pikas 
which  were  infected  with  S.  oaballeroi  were  included  in  the 
analyses . 

The  heligmosome  M.  harpespioulus  is  an  extreme  habitat 
specialist  and  occurs  almost  exclusively  in  the  anterior 
duodenum,  within  about  5  mm  of  the  pyloric  sphincter  (Figure 
15).  The  cestode  S.  oaballeroi ,  was  not  found  in  this  region 
and  is  a  habitat  generalist  inhabiting  the  remainder  of  the 
small  intestine.  For  the  analysis,  M.  harpespioulus  intensi¬ 
ties  were  divided  into  three  classes:  absent,  low  (1-10, 
mean  4.6  worms),  and  high  (11-186,  mean  69).  Sohizorohis 
oaballeroi  was  categorized  by  size  as:  small  (up  to  about 
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Figure  16.  Intestinal  distribution  of  small  and  large 


Sohizorohis  oaballeroi  in  pikas  with  differ¬ 
ent  levels  of  concurrent  infection  with 
Murielus  harpespioulus .  a)  Intensity,  and 
b)  prevalence.  Locations  of  sections  1-7 
are  shown  in  Figure  15. 


5.  oaballeroi  in  0.  oollaris ,  not 
infected  with  M.  harpespioulus 
( n :  52  pikas). 


S.  oaballeroi  in  0 .  prinoeps ,  not 
infected  with  M.  harpespioulus 
(n:  15  pikas). 


S.  oaballeroi  in  0.  prinoeps , 
infected  with  1-10  M.  harpespioulus 
( n :  10  pikas). 

-S',  oaballeroi  in  0 .  prinoeps , 

infected  with  11-186  M.  harpespi¬ 
oulus  ( n :  18  pi kas ) . 
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Figure  16.  Continued. 


S.  oaballeroi  in  0.  oollaris  ,  not 
infected  with  M.  harpespioulus 
( n :  52  pi kas ) . 


S .  oaballeroi  in  0.  prinoeps ,  not 
infected  with  M.  harpespioulus 
( n :  15  pikas). 


S.  oaballeroi  in  0.  prinoeps , 

infected  with  1-10  M.  harpespioulus 
( n :  10  pikas). 


S.  oaballeroi  in  0 .  prinoeps , 

infected  with  11-186  M.  harpespi¬ 
oulus  (n:  18  pikas). 
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16  B  INTENSITY 
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4  mm),  or  large  (4-40  mm).  It  is  uncertain  whether  or  not 
the  small  worms  represent  new  infections. 

Distributions  of  S.  aaballeroi  under  different  M.  harp- 
espiau lus  intensity  classes  are  shown  in  Figure  16.  Differ¬ 
ences  between  prevalence  distributions  (Figure  16a)  were 
tested  using  a  three-way  G-test  (Sokal  and  Rohlf,  1969, 
p.  601),  and  intensity  distributions  (Figure  16b)  by  a  two- 
way  G-test  (Sokal  and  Rohlf,  1969,  p.  509);  the  results  are 
presented  in  Table  15. 

Although  the  distributions  of  each  of  the  two  species 
in  single  species  infections  do  not  overlap,  in  concurrent 
infections  S.  aaballeroi  is  displaced  towards  the  posterior 
end  of  the  small  intestine.  High  heligmosome  infrapopula¬ 
tions  have  a  significant  effect  on  both  large  and  small 
cestodes.  Low  heligmosome  infra  populations  do  not  have  a 
significant  effect  on  the  distribution  of  large  cestodes, 
but  are  as  effective  as  high  populations  in  altering  the 
intensity  distribution  of  small  cestodes. 

In  the  well-known  interaction  of  Moniliformis  dubius 
and  Hymenolepis  diminuta  in  rats  (Holmes,  1961),  the  specia¬ 
list  {m.  dubius)  shifts  the  distribution  of  the  generalist. 
The  system  in  pikas  is  similar  except  that  the  normal  habitat 
ranges  do  not  overlap.  It  is  unlikely  that  the  two  species 
are  competing  for  a  resource,  and  particularly  unlikely  that 
S.  aaballeroi  could  deplete  a  resource  of  M.  harpespiaulus , 
since  the  latter  is  upstream.  Consequently,  there  may  be 
no  functional  significance  to  the  shift.  There  is  another, 
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Table  15.  Results  of  statistical  comparisons  (G-tests) 

between  distributions  of  Sohizorohis  oaballeroi 
along  the  small  intestines  of  Oohotona  spp., 
under  different  levels  of  concurrent  infection 
with  Murielus  harpespioulus 


"Preval  ence"  11 1  n tens  i  ty" 

Test  G-value*  Signif.  G-value*  Signif. 


Large  oestodes 


Y  vs  Aq 

4.56 

P 

> 

0.5 

9.58 

P 

> 

0.1 

(Y,Aq)  vs  Ai_10 

3.59 

P 

> 

0.5 

1  .20 

P 

> 

0.95 

( Y  ,  Aq  )  vs  An  + 

22.35 

P 

< 

0.005 

51  .38 

P 

< 

0.005 

Small  oestodes 

Y  vs  Aq 

4.46 

P 

> 

0.5 

16.01 

P 

< 

0.025 

( Y  * Aq )  vs  Al_10 

7.00 

P 

> 

0.25 

-  - 

— 

( Y , Aq )  vs  A11+ 

14.44 

P 

< 

0.025 

— 

— 

A0  vs  A1-10 

— 

-  - 

33.96 

P 

< 

0.005 

A0  VS  All+ 

—  — 

-  — 

26.46 

P 

< 

0.005 

Large  (Y,AQ)  vs 

Small  ( Y , AQ ) 

40.13 

P 

< 

0.005 

204.46 

P 

< 

0.005 

*  df=6,  in  all  cases. 

Y  Distributions  of  S.  aaballeroi  in  0.  oollaris  from 

Yukon . 

A~  Distributions  of  S .  aaballeroi  in  0.  prinoeps  from 

Alberta,  not  concurrently  infected  with  M.  harpespioulus  . 

A-,  _  Q  Distributions  of  S.  aaballeroi  in  0.  prinoeps  from 
Alberta,  concurrently  infected  with  from  1  to  10 

M.  harpespioulus  . 

A,,+  Distributions  of  S.  oaballeroi  in  0.  prinoeps  from 
Alberta,  concurrently  infected  with  11  or  more 

M,  harpespioulus . 
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though  somewhat  less  convincing,  reason  for  discounting 
resource  competition  as  a  reason.  Chappell  e_t  a_l_.  (  1970) 
observed  an  anterad  migration  of  H.  diminuta  in  rats,  in 
response  to  suboptimal  host  diets.  One  would  thus  expect 
5.  aaballeroi  to  be  found  more  anterad  if  M.  harpespieulus 
were  depleting  a  food  resource. 

The  more  common  general  case  of  competition  involving 
a  specialist  and  a  generalist  is  niche  inclusion,  where  the 
niche  of  the  specialist,  measured  along  a  resource  gradient, 
is  included  within  the  potential  niche  of  the  generalist. 
Competition  between  such  species  is  theorized  to  be  largely 
by  interference  (Case  and  Gilpin,  1974).  Many  examples 
between  closely  related  species  of  birds,  mammals,  fishes, 
and  arthropods  are  given  by  Morse  (1974)  and  Colwell  and 
Fuentes  (1975),  in  which  the  specialist  employs  interference 
competition  against  the  generalist.  Although  the  example 
in  pikas  is  not  niche  inclusion,  it  appears  that  competi¬ 
tion  here  is  interference  by  the  specialist,  against  the 
generalist.  Mechanisms  of  interference  available  to  para¬ 
sites  may  be  direct,  or  indirect  via  an  effect  on  the  host. 

D  .  Selective  Site  Segregation 

Perhaps  the  greatest  single  reason  for  the  absence  of 
competitive  exclusion  in  pika  helminth  i nf racommu  ni ties  is 
the  high  degree  of  selective  site  segregation  shown  by  them. 
The  t r i c h os t ro ngy 1 o i d s  Graphidiella  oohotonae  and  Murielus 
harpespieulus  are  extreme  specialists  (Figure  15),  and  al- 
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though  Schizorchis  caballevoi  is  a  generalist,  it  does  not 
overlap  with  any  other  species. 

The  distribution  of  S.  caballevoi  requires  further 
elaboration.  It  is  of  interest  that  small  cestodes  are 
situated  more  anterad  than  large  ones  (Figure  16,  Table  15), 
suggesting  a  posterior  emigration  with  age.  There  have  been 
few  reports  of  emi g rations  in  this  direction  (Crompton,  1973: 
48).  Rendtorff  (  1  948)  showed  ex  per i menta 1 1 y  that  in  mice, 
individuals  of  the  a nopl ocephal i d  Atriotaenia  symmetrica 
(Baylis  1927)  Stunkard  1961, shift  posterad  with  age.  To 
my  knowledge,  my  data  on  the  intestinal  distribution  of 
S.  cabal leroi  constitute  the  only  other  information  of  this 
type  for  an  anopl ocephal i d . 

Interpretation  of  the  posterior  migration  as  age 
related  is  somewhat  tenuous  however,  because  small  worms  are 
not  necessarily  young  (Crompton,  1973,  p.  48).  Small  and 
immature  worms  may  be  that  way  as  a  consequence  of  a  crowding 
phenomenon  (Roberts,  1961),  or  perhaps  have  des trob i 1  a  ted 
due  to  some  other  unknown  cause.  This  problem  can  only  be 
solved  experimentally. 

The  pinworms  in  pikas,  unlike  the  above  species,  appear 
to  overlap  considerably  in  their  site  preference  (Figure  15). 
In  order  to  test  the  degree  of  specialization  of  the  pinworms 
within  the  caecum  and  large  intestine,  three  natural  zones 
were  partitioned  by  tying  with  cotton  thread  immediately 
after  death  of  the  pika.  These  zones  are  shown  in  Figure  15. 
Each  zone  has  a  different  internal  structure  (see  Puget  and 
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Voisin,  1973  for  a  description  of  the  caecum  and  large 
intestine  of  0.  rufescens) .  Zone  A,  consisting  of  the 
caecum  and  a  short  (10-15  mm)  section  of  large  intestine, 
is  thin-walled  and  has  a  spiral  flap  throughout  its  length, 
from  which  extend  flat  fingerlike  processes.  The  processes 
are  progr ess i ve 1 y  shorter  toward  the  blind  end  of  the  caecum. 
Successive  coils  of  this  flap  are  approximately  5  mm  apart. 
Zone  B  (=  procolon  of  Kelsall,  1942)  is  short  (15-25  mm), 
relatively  thick-walled  and  muscular,  with  reticular  muscle 
bands.  Zone  C  is  thick -walled,  glandular,  and  is  folded 
into  three  longitudinal  lines  of  transverse  pocket-like 
flaps  or  haus  tra . 

Pikas,  like  other  lagomorphs,  are  coprophagous ,  and 
excrete  two  distinctly  different  kinds  of  faeces.  Soft 
faeces  are  loose,  have  a  high  water  content,  are  relatively 
rough age-f ree ,  and  have  the  consistency  of  toothpaste.  Soft 
faeces  are  reingested  by  pikas  (Johnson  and  Maxell,  1966; 

Ty ndal e-B i s coe ,  1959)  as  in  other  lagomorphs  (Bookhout, 

1959;  Kirkpatrick,  1956;  Madsen,  1939).  Hard  faeces  are 
spherical  pellets,  about  3  mm  in  diameter.  They  have  a 
relatively  large  amount  of  roughage.  Prospective  hard  faeces 
remain  moist  and  do  not  form  pellets  until  after  passing 
through  Zone  C,  but  because  of  the  relatively  large  amount 
of  roughage,  are  easily  distinguishable  from  soft  faeces  in 
this  zone.  The  kind  of  lumen  contents  in  Zone  C,  and  the 
number  of  individuals  of  each  pinworm  species  in  each  of  the 
zones  were  recorded  at  necropsy.  Preliminary  result  have 
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been  published  (Holmes,  1973);  detailed  results  are  shown 
in  Figure  17. 

Most  specimens  of  Eugenuvis  species  A  are  found  in 
Zone  A  in  0.  pvinoeps  (Figure  17a),  regardless  of  the  lumen 
contents  in  Zone  C.  Cephaluvis  spp.  had  to  be  considered 
together  because  females  were  indistinguishable  (see  p.  30). 
When  Zone  C  contained  prospective  hard  faeces,  individuals 
of  Cephaluvis  spp.  were  distributed  almost  evenly  in  both 
A  and  C,  with  very  few  in  B.  When  Zone  C  contained  prospec¬ 
tive  soft  faeces,  most  individuals  of  Cephaluvis  spp.  were 
in  Zone  A.  Labiostomum  oolovadensis  were  found  almost 
exclusively  in  Zone  C,  regardless  of  the  contents. 

In  0.  oollavis  (Figure  17b),  Cephaluvis  spp.  and  Labio¬ 
stomum  vausohi  had  patterns  of  distribution  similar  to  their 
congeners  in  0.  pvinoeps .  Thus,  Cephaluvis  spp.  were  pre¬ 
sent  in  Zones  A  and  C  when  hard  faeces  were  forming  in  Zone 
C,  and  mostly  in  Zone  A  when  soft  faeces  were  forming  in 
Zone  C.  Patterns  of  Eugenuvis  talkeetnaeuvis  distribution 
were  unlike  those  of  Eugenuvis  species  A  but  similar  to 
Cephaluvis  spp.  patterns.  Males  of  Cephaluvis  alaskensis 
and  C.  oolovadensis  in  0.  oollavis  were  treated  separately 
(Figure  17c)  to  determine  if  they  were  segregating,  but  no 
differences  were  found  between  them. 

In  summary,  two  species  are  site  specific  in  0 .  pvinoeps 
and  show  very  little  overlap:  Eugenuvis  species  A  selects 
Zone  A  and  L.  oolovadensis  selects  Zone  C.  Cephaluvis  spp. 
are  migrators  and  tend  to  either  avoid  prospective  soft 
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Figure  17.  Distribution  of  pinworms  in  the  three  zones 

(A-C,  see  Figure  15)  of  the  caecum  and 
large  intestine  of  pikas  during  periods  of 
hard  faeces,  and  soft  faeces  formation. 

Sample  sizes  of  pinworms  (and  hosts)  are 
shown  below  each  pie.  a)  pinworms  in 
Oohotona  prinoeps ,  b)  pinworms  in  0 .  aollaris , 
and  c)  male  Cephaluris  alaskensis  and 
C,  aoloradensis  in  0.  aollaris  . 
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Figure  17.  Continued. 
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Figure  17.  Continued. 
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faeces,  or  select  prospective  hard  faeces.  Schad  (1963) 
investigated  the  site  selection  of  eight  species  of  pin- 
worms  ( Taohygonetria )  in  the  colons  of  tortoises  ( Testudo 
graeaa)  using  a  quick-freeze  technique.  He  found  four  pairs 
of  species,  each  of  which  had  a  different  longitudinal  dis¬ 
tribution.  He  then  studied  the  radial  distribution,  and 
discovered  that  one  species  of  each  pair  tended  to  be  a 
lumenal  and  the  other  a  paramucosal  dweller.  In  the  present 
study,  Cephaluris  spp.  in  0.  princeps  overlap  with  both 
Eugenuris  species  A  and  L .  eoloradensis  at  different  times, 
but  appear  to  be  cueing  on  properties  of  the  lumen,  while 
the  latter  species  cue  on  properties  of  the  gut  wall.  This 
suggests  that  Cephaluris  spp.  may  be  lumen  dwellers,  and  the 
others  paramucosal  dwellers. 

The  situation  in  0.  aollaris  is  more  puzzling.  Not 
only  do  both  species  of  Cephaluris  migrate  together,  but 
Eugenuris  talkeetnaeuris  joins  them.  Only  L.  rausohi  is 
sedentary  in  Zone  C.  Perhaps  these  species  are  segregated 
on  food  preferences.  Alternatively,  co-existence  could 
occur  if  each  species  were  principally  limited  by  a  differ¬ 
ent  micronutrient,  as  may  be  the  case  for  phytoplankton 
assemblages  (Petersen,  1975). 

Holmes  (1973)  and  Crompton  (1973)  have  recently 
reviewed  the  literature  on  helminth  migrations.  Hymenolepis 
diminuta  is  known  to  undergo  forward  migration  in  response 
to  food  in  the  host's  stomach.  Williams  ejt  al_.  (  1  970) 
recorded  several  examples  of  feeding  migration  of  helminths 
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in  rays  and  cod,  and  Mackenzie  and  Gibson  (1970)  noticed 
one  example  in  plaice.  These  examples  are  perhaps  atypical 
because  the  fish  were  brought  into  the  laboratory  and  starved 
for  some  days  to  bring  about  a  posterior  migration.  The 
example  in  pikas  appears  to  be  the  first  known  case  of  a 
naturally  occurring  feeding  migration  of  a  gastrointestinal 
helminth.  Other  helminths  should  be  similarly  investigated; 
the  phenomenon  may  be  widespread. 


CHAPTER  VIII 


ZOOGEOGRAPHY 


Dawson  (1967)  reviewed  the  fossil  record  of  lagomorphs 
during  Tertiary.  The  earliest  known  ochotonids  are  Desmato- 
lagus  gobiensis  and  Sinolagomys  sp.,  from  the  mid- 
Oligocene  of  Asia.  By  the  Miocene,  ochotonids  were  more 
diverse  than  leporids,  and  many  species  were  present  in 
North  America.  The  North  American  ochotonid  lines  are 
thought  to  have  become  extinct,  and  the  present  species  are 
all  derived  from  Asian  ancestors. 

Oahotona ,  the  only  living  genus  of  the  family,  arose 
in  the  Palaearctic  Region,  probably  during  Pliocene  time, 
and  apparently  soon  spread  to  the  Nearctic  Region.  Oahotona 
spang  lei ,  from  a  Hemphill i an  assemblage  (Pliocene)  in  Oregon, 
is  the  first  known  Nearctic  representati ve  of  the  genus 
( Shotwel  1  ,  1  956). 

Records  in  the  Pleistocene  do  not  appear  until  Kansan 
time,  with  a  giant  pika  0.  whartoni ,  in  Alaska  (Guthrie  and 
Matthews,  1971).  Another  giant  pika,  Oahotona  sp.,  found 
in  the  Yukon  Territory,  is  thought  to  be  of  late  Sangamon 
age  (Irving  and  Harington,  1973).  North  American  records 
of  pikas  indistinguishable  from  living  species,  first  appear 
in  Ill i no i an  cave  deposits  of  Maryland  (Gidley  and  Gazin, 
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1938);  a  mummified  pika,  0.  cf.  aollaris  ,  in  Alaska  is  prob¬ 
ably  of  Wisconsin  age  (Guthrie,  1973). 

The  current  hypothesis  concerning  the  present  North 
American  distribution  of  Oohotona ,  is  that  the  two  species 
are  derived  from  a  single  migration  across  Beringia  in 
Ill i no i an  time,  followed  by  a  southerly  spread  along  the 
Rocky  Mountains,  and  a  subsequent  splitting  into  two  groups 
due  to  the  joining  of  the  Cordilleran  and  Laurent ide  ice 
sheets  in  the  Wisconsin  (Rausch,  1974).  The  ancestral 
species  must  have  spread  south  during  a  period  when  the  ice 
sheets  were  not  confluent,  either  late  in  Ill i no i an  time  or 
in  Sangamon  time.  The  presence  of  a  fossil  Oohotona  resembl¬ 
ing  0 .  prinoeps  in  Maryland,  in  a  deposit  thought  to  be  of 
Ill i no i an  age,  indicates  that  the  spread  must  have  been 
early  and  rapid.  Presumably,  since  modern  North  American 
pikas  are  talus  dwellers,  the  spread  to  the  east  must  have 
been  along  patches  of  glacial  drift.  The  pika  in  Maryland 
is  somewhat  anomalous  in  that  Ill i no i an  drift  deposits  were 
relatively  fine-grained,  unlike  Wisconsin  deposits  (Flint, 
1971:  559),  which  were  rocky  and  should  have  provided  more 
suitable  habitat  for  pikas. 

The  records  of  giant  pikas  in  Alaska  and  Yukon  probably 
represent  a  line  which  probably  became  extinct  during 
Wisconsin  time,  and  is  not  related  to  extant  pikas.  The 
Yukon  specimen  was  found  in  association  with  human  artefacts. 
Humans  have  been  suspected  of  causing  extinction  of  other 
mammalian  species  in  North  America  at  this  time  (Hopkins, 
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1967;  Martin,  1973),  and  may  have  been  responsible  for  the 
extinction  of  the  giant  pika. 

Rausch  (1960,  1963a,  1963b)  used  evidence  from  hel¬ 
minth  distributions  to  hypothesize  a  closer  relationship  of 
0.  oollaris  to  Asian  pikas  than  to  0.  prinoeps .  At  that 
time,  neither  Eugenuris  nor  Labiostomum  was  known  from 
0.  prinoeps  ,  and  Sohizorchis  oaballeroi  was  known  only  in 
0.  oollaris  .  Additional  evidence  was  available  from  flea 
distributions  (Holland,  1963):  Monopsyllus  tolli,  a  species 
found  on  Asian  pikas,  was  known  from  0.  oollaris ,  but  not 
from  0.  prinoeps . 

Rausch  later  changed  his  hypothesis  as  more  information 
became  available  on  helminth  distributions  (Rausch  and 
Ohbayashi,  1974),  and  karyotypes  of  pikas  (Rausch  and  Ritter, 
1973;  Vorontsov  and  Ivanitskaya,  1969;  Hayata  and  Shimba, 

1970).  Affinities  of  0.  oollaris  and  0.  prinoeps  to  their 
geographical ly  and  ecologically  closest  congeners  0.  hyperborea 
and  0.  alpina  are  apparently  remote,  compared  with  their 
affinities  to  each  other. 

Ivanitskaya  (1973),  has  found  that  0.  pusilla ,  the 
steppe  pika,  has  a  chromosome  number  similar  to  that  of 
0.  prinoeps .  She  postulates  that  0.  pusilla  was  in  Beringia 
during  the  early  Pleistocene,  and  is  the  ancester  of  0.  prin¬ 
oeps.  Considering  the  present  strict  habitat  requirements 
of  0.  prinoeps  and  0.  oollaris  for  talus,  it  seems  more 
likely  to  me  that  the  North  American  species  have  a  common 
ancestry  with  a  talus  dweller  ( 0 .  hyperborea9  0.  alpina , 
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0.  rutila)  rather  than  a  steppe  dweller,  although  a  talus 
dweller  would  find  little  available  habitat  on  Bering ia. 

I  have  found  a  great  faunal  similarity  between  the 
helminths  of  0.  aollaris  and  0.  prinoeps .  Three  helminth 
species  ( Cephaluris  alaskensis ,  C.  ooloradensis ,  and  Schizor- 
ohis  oaballeroi)  are  common  to  these  pikas,  and  two  genera 
( Labiostomum  and  Eugenuris)  are  represented  by  species  pairs, 
of  which  one  member  is  in  each  species  of  pika.  The  major 
faunal  difference  is  the  absence  of  the  trichostrongyloids 
Graphidiella  and  Murielus  from  0.  aollaris  . 

The  distribution  of  Sohizorahis  spp.  in  North  American 
pikas  is  the  most  difficult  to  fit  into  the  current  hypo¬ 
thesis  concerning  the  origin  of  these  pikas.  A  species  not 
found  in  this  study,  S.  ochotonae,  has  been  reported  from 
0.  prinoeps  in  several  localities  in  North  America  (see 
p.  20),  but  confirmed  only  in  Colorado  and  Wyoming  (R.L. 
Rausch  pers.  comm.).  Sohizorahis  oaballeroi  is  known  from 
0.  aollaris  in  Alaska  and  Yukon  Territory,  and  from  0.  prin- 
ceps  in  Oregon  and  Alberta  (see  p.  20).  Specimens  of 
S.  oaballeroi  are  closer  morphologically  to  specimens  of  the 
Asian  species,  S.  altaioa ,  than  to  those  of  S.  ochotonae. 

This  situation  could  possibly  be  caused  by  a  complicated 
history  of  isolation  and  rejoining  of  populations  since 
Ill i no i an  time.  Considering  the  present  island ic  distribu¬ 
tion  of  pikas,  this  explanation  seems  reasonable.  However, 
the  distributions  of  species  of  other  genera  do  not  suggest 
such  a  history.  A  more  critical  examination  of  the  variation 
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in  Sohizorohis  within  and  between  populations  of  0.  prinoeps 
is  required. 

Distributions  of  species  of  Graphidiella  and  Murielus 
shed  little  light  on  the  evolution  of  North  American  pikas. 
Presumably,  both  these  genera  were  present  previously  in  the 
0.  col  laris -0,  prinoeps  ancestor,  and  have  since  become 
extinct  in  0.  collaris  ,  at  least  in  the  populations  surveyed. 
Both  genera  are  represented  in  Asia.  Graphidiella  olsoni  is 
known  only  from  a  small  geographical  area  (Altai  and  Sayan 
Mountains)  in  0.  alpina  and  0.  daurica .  No  other  species 
are  known  in  the  Palaearctic  Region.  Murielus  is  represented 
by  three  species  in  the  Palaearctic  Region,  including  M. 
harpespiculus ,  known  also  from  0.  prinoeps .  This  species  has 
been  found  in  0.  hyperborea ,  the  range  of  which  extends 
closest  to  North  America. 

The  distribution  of  the  p inworms  Labiostomum  and 
Eugenuris  support  the  hypothesis  that  both  0.  prinoeps  and 
0.  collaris  are  derived  from  the  same  Palaearctic  ancestor. 
Labiostomum  rauschi  in  0.  collaris  ,  and  L.  ooloradensis  in 
0.  prinoeps  are  about  as  similar  to  each  other  as  to  the 
eastern  Palaearctic  species  L .  vesioularis  .  The  same  pattern 
applies  to  the  Eugenuris  talkeetnaeuris  -  Eugenuris  species 
A  -  E.  s ohumakovitsohi  group. 

Cephaluris  spp.  distributions  are  the  most  consistent 
with  the  hypothesis.  There  are  two  easily  distinguishable 
groups  of  species  in  this  genus.  Hobbs  (in  press)  found  two 
species  of  Cephaluris ,  one  from  each  of  the  two  groups,  in 
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three  of  four  host  species  studied  (o.  princeps  ,  0.  collaris  , 

0.  rutila) .  The  Nearctic  Cephaluris  alaskensis  is  in  the 
same  group  as  the  Palaearctic  C.  andrejevi’,  and  c,  color- 
adensis  and  C.  ochotonae  are  in  the  other  group.  Unlike 
Labiostomum  and  Eugenuris  ,  neither  Cephaluvis  coloradensis 
nor  C,  alaskensis  has  undergone  spec i at  ion  since  the  splitt¬ 
ing  of  0.  oo l laris  and  0.  princeps  .  However,  these  species 
and  their  Palaearctic  counterparts  must  have  diverged  before 
the  0.  collaris  -  0.  princeps  split,  implying  a  considerable 
period  of  separation  of  the  Palaearctic  -  Nearctic  lines. 

This  is  supported  by  karyotypic  evidence.  Ochotona  hyper- 
borea  and  0.  alpina ,  which  are  considered  the  closest  rela¬ 
tives  of  the  living  North  American  pikas  (Rausch,  1974), 
have  a  different  chromosome  number  ( 2 n  =  40;  Hayata  and 
Shimba,  1970;  Vorontsov  and  Ivanitskaya,  1969)  from  0.  collaris 
( 2 n  =  68;  Rausch  and  Ritter,  1973)  or  0.  princeps  ( 2  n  =  68; 
Adams,  1971;  Wurster  et_  a_l_.  ,  1971;  Hsu  and  Benirschke,  1971; 

Wi  sel ey ,  1  9  73). 

Distribution  patterns  of  fleas  are  more  difficult  to 
interpret,  because  they  are  not  as  host  specific  as  helminths 
in  pikas,  and  may  be  transported  by  other  hosts.  Pikas  are 
primary  hosts  to  three  species  in  North  America:  Monopsyllus 
tolli ,  Amphalius  necopinus ,  and  Ctenophyllus  terribilis  . 

The  latter  two  are  found  on  both  0.  collaris  and  0.  princeps 
(Holland,  1963),  although  I  did  not  find  either  on  0.  collaris 
in  the  Yukon.  Both  fleas  have  related  species  ( A .  runatus 
and  C.  armatus)  in  the  Palaearctic  Region,  so  similar  to  them. 
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that  differences  may  be  only  at  the  subspecific  level 
(Holland,  1958,  1963).  Monopsyllus  tolti  is  known  on 
0.  collaris  in  the  Nearctic  Region  and  also  on  eastern 
Palaearctic  pikas.  It  may  have  been  present  on  0.  princeps 
and  become  extinct,  or  more  likely,  it  may  represent  a  more 
recent  invasion  to  the  Nearctic  Region  via  another  mammal, 
after  the  splitting  of  0.  collaris  -  0 .  princeps . 

In  conclusion,  the  parasite  distribution  data  are  con¬ 
sistent  with  the  hypothesis  that  0.  collaris  and  0.  princeps 
are  derived  from  a  single  migration  of  a  Palaearctic  ances¬ 
tral  species,  probably  during  the  Ill i no i an  glaciation. 

There  is  some  evidence  from  parasites  that  the  0.  collaris  - 
0.  princeps  pair  diverged  from  its  Palaearctic  ancestor  as 
a  single  unit  on  North  America  before  diverging  into  the  two 
extant  descendant  species. 
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CHAPTER  IX 


CONCLUDING  DISCUSSION 


Helminths  of  pikas  must  have  had  a  long  evolutionary 
history  together;  none  of  those  encountered  in  this  study 
appears  to  be  new  to  pikas,  as  no  species  have  congeners 
in  hosts  other  than  pikas.  The  pinworms  form  a  monophyletic 
group  as  evidenced  by  the  similarity  of  cloaca!  papillae  in 
males  (Figure  18),  and  probably  are  derived  from  an  ancestor 
common  to  Dermatoxys  in  leporids.  My  views  on  the  phylogeny 
of  these  pinworms  are  shown  in  Figure  19.  Each  character 
state  is  designated  by  a  letter:  lower  case  is  used  for 
primitive  condition,  and  capital  for  derived  condition.  A 
summary  of  characters  is  shown  in  Table  16.  Reasons  for 
assigning  conditions  to  either  primitive  or  derived  for  each 
character  state  are  as  follows: 

Number  of  lips.  Because  the  commonest  state  in  this 
group  is  three  lips,  and  because  this  state  occurs  in 
parasites  of  all  host  groups,  it  is  designated  as 
primitive.  Additionally,  those  genera  with  six  lips 
have  them  arranged  in  pairs. 

Preoloaoal  ventral  ornament .  This  tra ns f ormat i on 
series  is  based  on  the  assumption  that  the  direction 
of  evolution  has  been  from  a  broad  to  a  narrow  ornament. 
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Figure  18.  Diagrammatic  representation  of  cloacal 


papillae  in  male  pinworms.  The  papillae 
are  labelled  a-h,  in  order  to  show  the 
similarity  between  genera. 
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Figure  19.  Diagram  showing  hypothetical  phylogeny  of 

a  group  of  pinworms  in  the  family  Oxyuridae. 
See  Table  16  for  explanation  of  letters. 
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The  pseudosucker  of  the  genus  in  rodents  (Heteroxynema) , 
is  a  relatively  short  and  broad  structure.  I  consider 
this  to  be  primitive,  because  similar  structures  are 
present  in  several  other  genera  of  pinworms  in  rodents. 
All  pinworms  of  this  group  which  inhabit  lagomorphs 
possess  an  elongated  crest;  only  in  those  inhabiting 
pikas  is  the  crest  laterally  compressed. 

Cushion-like  oloaoal  papilla.  Because  this  is  present 
in  only  one  genus,  I  consider  it  to  be  a  derived  state. 
Cutioular  ornamentation  of  the  anterior  end.  There  is 
great  variety  exhibited  by  the  pika  pinworms  in  this 
character.  Because  the  ornamented  character  states 
are  not  easily  derived  one  from  the  other,  I  consider 
the  un-ornamented  state  to  be  primitive. 

Among  the  other  genera  inhabiting  pikas  in  North 
America,  Graphidiella  does  not  have  close  affinities  to  any 
living  genus,  but  is  probably  closest  to  Graphidium ,  the 
stomach  worm  of  leporids.  The  heligmosome  Murielus  does 
not  have  any  relatives  in  the  He  1 i gmos omi dae ,  which  is  now 
believed  to  be  a  polyphyletic  group  ( Durette-Desset ,  1971). 
There  are  however,  many  similarities  (e.g.,  synloph  struc¬ 
ture,  dorsal  ray  arrangement,  spicule  shape)  to  the  tricho- 
strongylid  genus  Nematodirus ,  particularly  to  those  species 
found  in  leporids  (Dikmans,  1939;  Durette-Desset,  1974). 

The  cestode  Sohizorohis  is  the  only  genus  which  does  not 
have  a  counterpart  in  leporids.  Although  it  must  have  been 
in  pikas  at  least  before  the  Ill  i  no  i  an,  considering  its  wide- 
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spread  present  distribution  in  them,  it  is  perhaps  the 
newest  of  pika  helminths.  It  resembles  Monoeoooestus  ,  para¬ 
sites  of  many  different  groups  of  mammals  in  both  the  Old 
Worl  d  and  New  Worl  d  . 

Pikas  offer  an  excellent  opportunity  to  study  the 
structure  of  an  old  helminth  community  system.  According 
to  Holmes'  (1973)  hypothesis,  individuals  in  such  systems 
should  show  an  avoidance  of  competitive  exclusion  by  inter¬ 
active  and  selective  segregation.  Data  given  above  are  con¬ 
sistent  with  the  hypothesis.  Indeed,  those  species  which 
appear  to  have  been  in  pikas  longest  ( Graphidiella  and  the 
pinworms)  are  those  which  use  selective  site  segregation, 
the  kind  considered  by  Holmes  (1973)  to  be  the  most  highly 
evolved.  Species  of  Schizorchis,  the  most  recent  pika  hel¬ 
minths,  are  those  most  affected  by  interactive  site  segrega¬ 
tion,  as  expected. 

Studies  of  this  type  tend  to  pose  more  questions  than 
are  answered.  Several  lines  for  future  research  became 
obvious  during  the  course  of  this  study.  I  shall  briefly 
discuss  four  of  these. 

The  distribution  of  S.  oaballeroi  along  the  intestine 
needs  to  be  studied  exper imental ly .  I  had  assumed  during 
this  study  that  small  worms  were  young  worms.  However,  I 
once  found  a  small  S.  oaballeroi  in  the  intestine  of  a  pika 
which  had  been  in  the  laboratory  for  six  months.  The  pika 
was  very  unlikely  to  acquire  new  infections  in  the  laboratory. 
Eggs  of  S.  oaballeroi  were  numerous  in  the  faeces  of  this 
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pika  until  three  months  before  the  host's  death.  It  is 
possible  then,  that  many  of  the  small  worms  in  field- 
collected  pikas  were  not  young.  With  care,  it  is  possible 
to  keep  pikas  in  the  laboratory  for  experimental  studies, 
and  even  to  breed  them  (Severaid,  1950;  Underhill,  1962). 

A  large  number  of  captive  pikas  would  be  necessary  to  follow 
the  distribution  shifts  of  S .  oaballeroi  in  the  small  intestine 
at  various  ages  of  infection. 

In  order  to  carry  out  the  above  study,  it  would  first 
be  necessary  to  determine  the  intermediate  host  for  5. 
oaballeroi  and  to  complete  the  life  cycle.  Other  anoploce- 
p h a  1  ids  use  oribatid  soil  mites.  Pika  haypiles  would  provide 
good  habitat  for  mites,  and  it  may  be  profitable  to  study 
mites  associated  with  haypiles.  Indeed,  there  may  well  be 
modification  of  the  behaviour  of  infected  mites,  such  that 
they  would  be  more  likely  to  be  ingested  by  the  definitive 
host;  a  situation  similar  to  that  found  for  ants  infected 
with  Dioroooelium  dendriticum  (reviewed  by  Carney,  1969)  and 
gammarids  infected  with  Polymorphus  paradoxus  (Bethel  and 
Holmes  ,  1  973  )  . 

Understanding  is  incomplete  of  site  segregation  by  pin- 
worms.  The  considerable  overlap  between  preferred  sites  of 
Cephaluris  spp.  and  Eugenuris  talkeetnaeuris  in  0.  oollaris 
remains  to  be  explained.  Use  of  Schad's  (1963)  technique  of 
rapidly  freezing  the  gut  in  liquid  nitrogen  or  alcohol/dry 
ice  mixture  (Hair  and  Holmes,  1975),  so  that  lumenal  and 
paramucosal  dwelling  worms  can  be  separated,  may  prove  profit- 
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able.  Alternatively,  it  may  be  possible  to  develop  an 
immunological  technique  for  gut  content  analysis  of  the 
worms,  to  determine  differences  in  feeding  preferences,  as 
has  been  done  for  turbellarians  (Reynoldson  and  Davies, 

1  970)  . 

This  study  was  too  short  to  adequately  observe  the 
dynamics  of  extinction  and  recolonization  of  helminths  in 
the  island-like  populations  of  hosts.  The  patchy  distribu¬ 
tions  of  Murielus  harpespioulus ,  and  the  different  abundances 
of  other  species  in  various  localities  (see  Chapter  VI), 
indicate  that  a  long-term  study  would  be  worthwhile.  The 
northern  part  of  the  Alberta  study  area  is  an  ideal  place 
for  such  a  study,  as  there  are  many  semi -i sol ated  pika  popu¬ 
lations  of  differing  sizes  and  degrees  of  isolation. 
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Appendix  I.  Samples  sizes  of  pinworms  measured  for  taxonomic  comparisons.  All 
worms  were  collected  by  the  author,  unless  otherwise  indicated 


Sex  Sample 


Speci es 

Hos  t 

Local i ty 

of  Worm 

Si  ze 

Cephaluria 

a laskensis 

Ochotona 

col  laris 

Yukon 

Male 

22 

Ochotona 

princeps 

Ka  na  nas  ki  s 

Ma  1  e 

20 

Ochotona 

princeps 

Col  orado* 

Ma  1  e 

10 

Cepha luris 

color adensis 

Ochotona 

collaris 

Yukon 

Ma  1  e 

20 

Ochotona 

princ  eps 

Kananaskis 

Mai  e 

20 

Ochotona 

princeps 

Sheep  R.* 

Mai  e 

10 

Ochotona 

princeps 

Co  1 orado* 

Ma  1  e 

9 

C.  alaskensis - C .  coloradensis 

Ochotona 

collaris 

Yukon 

Fema 1 e 

23 

Ochotona 

princeps 

Ka  na  nas  k  i  s 

Fema 1 e 

20 

Ochotona 

princeps 

Colorado* 

Fema 1 e 

10 

Cepha luris 

andrejevi 

Ochotona 

rutila 

Kazakhstan** 

Male 

10 

Fema 1 e 

7 

Ochotona 

hyper- 

Japa  n*** 

Ma  1  e 

4 

borea  yesoensis 

Femal e 

6 

Cephalurie 

ochotonae 

Ochotona 

rutila 

Kazakhstan** 

Male 

1 

Fema 1 e 

8 

Eugenuris  talkeetnaeuris 

Ochotona 

col  laris 

Yukon 

Ma  1  e 

20 

Fema 1 e 

20 

Eugenuris  sp.  A 

Ochotona 

princeps 

Kananas  ki s 

Ma  1  e 

20 

Fema 1 e 

20 

Eugenuris  s ahum akovits chi 

Ochotona 

rutila 

Kazakhstan** 

Mai  e 

7 

F  ema 1 e 

7 

Labios  tomum 

rauschi 

Ochotona 

co llaria 

Yukon 

Ma  1  e 

20 

Fema 1 e 

20 

labio8 tomum 

coloradensis 

Ochotona 

princeps 

Kananaski s 

Mai  e 

20 

Fema  1  e 

20 

Labios tomum 

vesicularis 

Ochotona 

rutila 

Kazakhstan** 

Male 

2 

Fema 1 e 

4 

*  Courtesy  of  Dr.  W.M.  Samuel,  University  of  Alberta. 

**  Courtesy  of  Dr.  R.L.  Rausch,  University  of  Saskatchewan. 

***  Courtesy  of  Dr.  F.C.  Zwickel,  University  of  Alberta  and  Dr.  H.  Abe, 
Hokkaido  University. 


161 


t  t  5  f  0  J 

a  ■!  .  Q  <03  '.U' 


8JnnStsAq«»,3 


•i.uot  noaro^oO 


■ 


A  .  qa  ajiuita^uS 


jilsai  $-uo>am>  ton  i> 


c 

•H 

d) 

u 

CU 


■P 

C 

d) 

a 

v 

u 

p 

w 

03 

d) 


<U 

M 

P 

P 

03 

P 

d) 

P 

•H 


d> 

x 

u 

a 

o 

u 


a 

a 

1/3  T3 
d) 


1/3 

•H 

P 

P 

C 

<D 

O 

P 

W 


d3 


d) 

w 

•H 
2 
ro  P 
E  dJ 
Q)  X 

<P  4J 
O 
4-1 

O  (/) 
10 

(/)  d) 

P  rH 

c  c 

03  P 

E 

d)  t/3 
P  d) 
P  P 
0)  4-> 


c to 

1/3 

•H 

•  r- 

p 

t/3 

P 

c 

c 

<D 

u 

0 

03 

P 

P 

w 

P 

•H 

r* 

•  H 

r — i 

> 

03 

X 

• 

w| 

1 

P 

0) 

03 

(D 

-H 

X 

P 

rH 

P 

03 

0) 

4J 

03 

c 

w| 

P 

P 

o 

ra 

•H 

Q 


W| 


W| 


9/L6T  TPJB 
-quiOT  pue 

uueuipun  jo 


0£6T  T3TUBa 
pue  exjqo>| 
-eAopjeqjg 


9S6T  Jemxv 


_ ZL61 

qe  go  snjeg 


E96I  Jeqqxv 


0961  Aaeqoxoj, 


9^61  sq.inqs 


in 

1 

03 

• 

O 

0 

O 

CD 

VO 

00 

CN 

00 

in 

• 

• 

rH 

00 

CN 

CN 

CN 

0 

O 

1 

1 

| 

1 

| 

1 

0 

in 

o> 

0 

m 

0 

CN 

rH 

• 

10 

rH 

•H 

• 

m 

CN 

CN 

• 

rH 

ID 

O 

O 

VO 

O 

O 

• 

rH 

O 

• 

O 

CN 

VO 

rH 

CO 

rH 

CO 

in 

1 

| 

1 

| 

1 

CN 

1 

r* 

CO 

CD 

vO 

03 

rH 

CN 

rH 

CN 

lO 

• 

• 

in 

m 

03 

CN 

CN 

»H 

CN 

0 

CO 

in 

r* 

00 

in 

0 

O 

1 

1 

rH 

r- 

O 

CN 

CN 

CN 

CN 

VO 

CO 

O 

VO 

CN 

rH 

rH 

<0 

rH 

rH 

rH 

• 

• 

CO 

CN 

03 

o> 

O 

O 

CN 

• 

^0 

O 

O 

0 

rH 

0 

0 

CN 

CO 

CO 

03 

• 

CN 

n* 

CN 

1 

rH 

1 

' — 1 

rH 

T 

CN 

CO 

1 

03 

1 

« — 1 

1 

O 

1 

O 

O 

VO 

O 

1 

CO 

CO 

• 

m 

CO 

O 

0 

00 

CD 

03 

O 

rH 

CN 

• 

rH 

rH 

CO 

* 

in 

0 

O 

0 

in 

O 

O 

O 

■vt 

VO 

0 

0 

p* 

CN 

rH 

in 

CN 

00 

vO 

O 

0 

0 

• 

0 

m 

CO 

rH 

• 

• 

rH 

in 

03 

rH 

rH 

CN 

03 

1 

1 

rH 

O 

0 

03 

O 

• 

03 

in 

CO 

rH 

0 

00 

rH 

03 

rH 

CN 

rH 

uo 

1 

CO 

1 

1 

1 

1 

O 

«H 

CO 

r^* 

03 

03 

• 

rH 

in 

P 

03 

in 

CO 

CN 

rH 

rH 

O 

O 

VO 

• 

O 

r* 

VO 

0 

CD 

O 

• 

O 

■vj* 

»H 

03 

rH 

CN 

r* 

03 

in 

1 

| 

1 

| 

rH 

VO 

O 

1 

1 

1 

CO 

O 

in 

O 

• 

•Vf 

CO 

O 

• 

CN 

rH 

CD 

CN 

rH 

00 

CO 

in 

CN 

CO 

rH 

rH 

• 

CU 

V 

4J 

M 

Q) 

a 

TO 

,c 

, — . 

£ 

0 

•H 

4J 

g 

u 

-P 

04 

cO 

£ 

0 

TO 

v 

0) 

> 

■ — ' 

• 

■H 

•H 

o> 

TJ 

rH 

< 

a 

c 

rH 

P 

a) 

P 

>1 

u 

> 

C 

• 

<D 

d) 

rH 

4J 

Q) 

d) 

H 

M 

CO 

•H 

V 

IH 

H 

p 

a 

CO 

*H 

(/) 

U) 

> 

O' 

d) 

O 

u  X 

4J 

£ 

c 

CO 

P 

P 

CO 

c 

E 

x — . 

O  -P 

rC 

X 

u 

0 

tT» 

CP 

O 

■ri 

CO 

0) 

•H  CJ3 

P 

H 

P 

•H 

rH 

CO 

CT3 

U 

•H 

S 

U 

U  C 

'O 

TJ 

u 

j: 

-P 

CO 

rC 

rC 

»— 1 

-a 

— 

c 

dJ  d) 

•H 

c 

V 

V 

ro 

H 

Q< 

Q, 

<u 

<u 

CO 

P  *H 

Q) 

(/} 

O' 

u 

•H 

d3 

O 

0 

(j 

> 

rH 

P 

C 

CU 

c 

■0 

U 

-P 

U) 

03 

0 

M 

(0 

•H 

cn 

<0  03 

03 

a, 

•H 

<13 

a) 

P 

d) 

<u 

CT3 

•H 

03 

03 

< 

CD 

»-5 

O 

0 

m 

S5 

K 

Q 

w 

w 

*  % 


162 


This  is  probably  a  typographical  error,  and  may  represent  100  micrometres 
A  typographical  error,  probably  15-28  micrometres 
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Appendix  II  (Continued)  .  B.  Measurements  of  male  Eugenur is  spp.  from  the  literature.  Measurements 
are  in  micrometres  unless  otherwise  indicated 
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Appendix  III.  A.  Measurements  of  female  Labiostomum  spp.  from  the  literature.  Measurements  are  in 
micrometres  unless  otherwise  indicated 
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is  probably  a  typographical  error,  and  may  represent  14-15 


Appendix  III  (Continued) .  B.  Measurements  of  male  Labiostomum  spp.  from  the  literature.  Measurements 
are  in  micrometres  unless  otherwise  indicated 
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